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HOW C-E TILTING TANGENTIAL BURNERS CONTROL SUPERHEAT. 


First diagram shows burners tilted downward to reduce fur 
nace outlet temperature. Middle diagram shows normal 
operating position. Third diagram shows upward tilt to send 
higher temperature gases to superheater 
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4 
| | HI | BI] | | | RS Pian view of tangentially fired furnace shows how 
action of fuel and air streams sets up extreme 


turbulence for thorough mixing and complete 
combustion 


give more complete combustion... 
most sensitive steam temperature control 


Tangential firing — pioneered by Combustion in surface becomes effective gas temperature to 
1927 — is today the most widely accepted method superheat surface is lowered steam tempera- 
of firing pulverized coal, gas or oil, separately or ture goes down. Or, if steam temperature drops, 
together, in large utility boilers. Air and fuel are the nozzles tilt upward . . . hotter gases go to the 


fed to the furnace in a number of relatively small 
streams which are directed from each of the four 
corners of the furnace 

This assures intimate mixing and sets up a 
strong turbulent motion within the furnace .. . to 
produce the most complete combustion with mini- 
mum carbon loss. The combustion gases fill 
the furnace for more rapid heat transfer to the 
waterwalls. 

The tilting nozzles of C-E Tangential Burners 
automatically tilt up or down as steam tempera- 
ture varies. If steam temperature goes too high, 
the nozzles tilt downward more furnace wall 


ALL TYPES GF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT: NUCLEAR REACTORS 


superheater ... steam temperature goes up 

Catalog PC-8 gives full information on tangen 
tially fired C-E boilers, including units with 
capacities as low as 70,000 lb of steam per hour 
Write for your copy today 
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Custom designed Peabody 
components provide efficient, 
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remote interlocked burner light-off, 
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As one of the oldest, most 


ance in the design of your present or 
future boiler or process plant. A 
Peabody System Control includes 
every essential for modern, unat- 
tended automatic operation. Your 
nearby Peabody representative will 
supply details—include him in your 
planning by calling or writing today. 
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VENUE, NEW YORK 16, N.Y. 
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in England: PEABODY LIMITED in Conede: PEABODY 
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One way to get heat: 


SS 9K 


* J, 
wT Noman TGP 
fil. Leigler Superwashed: Coal 
does it better / 


And faster... and cleaner—with no time now even better than ever before, because it’s 

out needed to help those nice little old ladies SUPERWASHED! 

across the street! As your good turn for the day, be sure to 
Famous Zeigler coal is back: high BTU, specify Zeigler SUPERWASHED Stoker 


low-ash, clean-burning as the original, but Coal, the hottest fuel on the market. 
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DESIGN HIGHLIGHTS OF THE VU-60 


Modular construction makes it possible to assemble 


custom designs from standardized components 


Boiler can be proportioned for best combustion, heat 
absorption and gas flow even when space conditions are 
limited or difficult 


Completely self-cased, the VU-60 is an all-welded gas 
tight and pressure-tight envelope of finned furnace and 
boiler tubes. This results in less non-working weight 


per pound of steam capacity 


No external ductwork. The bottom of the boiler is a 
plenum chamber which allows air to flow direct from the 


air heater to the burner windbox 
Number of field-weided pressure parts is greatly reduced 


Cross flow baffling and symmetrical boiler bank mean 


ow draft loss, no sluggish gas flow in any pass 


Requires only a simple, reinforced concrete slab. No 
onventional roller supports required 


Paneled construction cuts erection time 
No air heater supporting steel is required 


For pressurized or induced draft firing. When pressur 
ized, unit does not require induced draft fan 


VU-60 SPECIFICATIONS 


Capacities: 100,000 to 250,000 Ib per hr 
Design pressures 250, 500, 750, 1000 psi 
Steam temperatures To 900 F 
Fuels: Oil and/or gas 
Firing: Horizontal (front wall) 
or tangential 
Size increments Depth — twelve 
Width — eight 
Height — three 
Steam drum sizes: Four 
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The VU-60 Boiler is a new and logical extension 
of C-E’s service-proved VU series. Like all VU 
units, it is completely integrated, symmetrical 
in design, uncluttered and uncomplicated 
Based on a standardized modular concept, it 
offers greater flexibility, yet stays within the 
bounds of solid and proven practice. 

The VU-60 is a functional boiler. Completely 
self-cased, the exterior walls of this unit (fur- 
nace and boiler) are composed of finned tubes, 
shop welded into panels. The fins between 





panels are field welded to form a gas- and pres- 
sure-tight structure. Insulation is applied 
directly to the outside of these walls and is 
covered by pre-formed, field installed metal 
lagging. Thus non-working weight and bulk is 
reduced to a minimum. 

The VU-60 is economical, it is dependable, it 
is accessible. It is easy to install and will meet 
your most exacting steam needs. Why not write 
for further information, or, if you prefer, con- 
tact the C-E office nearest you. 


COMBUSTION My ENGINEERING 


General Offices: Windsor, Conn. © New York Offices: 200 Madison Avenue, New York 16, N. Y. 


Canoda: Combustion Engineering-Superheater Ltd. Cm 
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Lower fuel costs . . . reduced boiler outage . .. minimum man- 
ual cleaning . . . inhibited tube corrosion—these are dramatic 
savings achieved by Diamond Chemical Slurry Spraying 
Systems, a revolutionary method of controlling and re- 
moving tube deposits generated by burning oils high in 
vanadium, sodium and sulphur content. 


Service tested on some 40 installations, Diamond Slurry 
Spraying offers a distinct economic advantage over fuel 
additives because it treats only that ash which collects on 
the tubes. Magnesium oxide-based slurry is sprayed on 
heating surfaces by conventional soot blowers modified to 
discharge, in alternate cycles, both the normal cleaning 
medium and slurry. The chemical slurry coating changes 
chemical composition of deposit so that it’s easily removed 
by normal blowing. 


If you burn — or are considering burning low-grade oil, 
it will pay you to take a close look at Chemical Slurry 
Spraying . . . another Diamond-Developed Boiler Cleaning 
System. At your request, our engineers will make recom- 
mendations based on your specific requirements. Call, 
write or wire for complete information. 


DIAMOND POWER SPECIALTY CORPORATION, Lancaster, Ohio 


DIAMOND SPECIALTY LIMITED, Windsor, Ontario 
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COMPUTING Copes-Vulcan recirculation control protects boiler feed 
pumps. When pump discharge falls below a certain 
level, a diaphragm-operated by-pass valve opens t 
assure sufficient flow to prevent overheating of the pump 
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A feedwater and heater by-pass vaive is shown above 

Als a Copes-Vulcan contro! vaive is installed in each 
CONTROL STA of the two main boiler feed lines 5. These vaives handle 
TION A/M TYPE pressure drops of over 2600 psig without difficulty 
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Three influence feedwater regulation is just part of a complete Copes-Vulcan boiler Versatile contro! valves feature simplicity of design. Pis- 
control system installed at a pace setting utility station. Feed to boiler is modulated ton-type CV-P (left) is ideal for high-duty service. Dia 
by steam flow, feedwater flow, and drum water level. phragm-type CV-D (right) is designed for remote control 

service. All Copes-Vulcan vaives are tailored to the job 
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COPES-VULCAN control valves 
make boiler feedwater systems 





accurate and trouble-free... 


The big load changes of today’s boilers put tremendous demands on the accuracy and 
dependability of feedwater and recirculation systems. Copes-Vulcan systems meet these 
demands with positive control, positive performance. # As long-time specialists in feed- 
water control, Copes-Vulcan has the experience and design know-how to custom-engi- 
neer control valves to rigid specifications. Regardless of high pressure drops, you get 
close control over full load range, without costly maintenance or replacement. # To the 
dynamic balance of the valves, Copes-Vulcan adds advanced instrumentation. The 
highly-responsive control system stabilizes water level regardless of changes in load or 
feed pressure. ® Bulletin 1038 describes efficient boiler control at a key eastern power 


station. Write for your copy. 


wishin se i diate Copes-Vu/can Division 
Copes- Vulcan Division, Erie 4, BLA 


WW - KNOX 


Pennsylvania. 
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This compact Package Air Preheater is 

being installed on a 150,000 Ib/hr boiler 

at Olin Mathieson Chemical Corp.'s Brand- 

enburg, Kentucky, petrochemical plant. When 

in operation it will recover enough heat from 

the boiler exhaust to increase efficiency of 
the boiler between 8% and 9%. 


OLIN MATHIESON RECOVERS 360°F 
FROM BOILER EXHAUST WITH 11'/2' x 11’ x 8’ 
PREASSEMBLED LJUNGSTROM PACKAGE AIR PREHEATER 


Olin Mathieson specified a Ljung 
strom Package Air Preheater 
because it saves space as well as 
fuel. Mathieson’s Ljungstrom nect to the power line and ducts, 
occupies only about 1000 cubic and it’s on-stream. You make big 
feet, but cuts boiler exhaust ten savings on installation because 
perature from 680°F to 320°F there’s no on-the-spot erection. 

puts 360° of heat back to work in You can use a Ljungstrom Pack- 
the boiler age Air Preheater on boilers from 


The compact preassembled 
Package Air Preheater is ready to 
run when it’s delivered—just con- 


25,000 to 250,000 pounds of steam 
per hour. For more information, 
write today for your free copy of 
a 14-page booklet. 


THE AIR PREHEATER 
CORPORATION 


6 Street, New York 17, N. Y. 





BOILER WATER TECHNOLOGY... 


Simplified Diagram of a Complex Problem... 
And Some Suggestions for Getting Satisfactory Answers 
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All boiler water treatment is aimed at preventing 
pickup of impurities by water, removing the im 
purities, or counteracting their effects. This sim 
ple statement of the jot water treatment has to 
do gives no hint of the millions of manhours and 
dollars spent in research, testing and field experi 
ence —a great deal of it by Nalco in efforts to 
reach these goals dependably and economically in 
all types and sizes of steam systems 


Your water treatment program 

should fit your particular needs 
There are countless combinations of chemicals 
equipment and methods for effectively treating 
boiler feedwater. Yet there is one combination 
that will prove to be the be 
It is the responsibility of Nalco people to know 
ind understand all the possible approaches to the 


t for vou 


prevention of corrosion, deposits, and carryover 
But their greater responsibility is to couple this 
technical understanding with a practical under 
standing of your particular needs 

That is why the Nalco Representative you call 
in will, first of all, determine the quality of water 
your plant needs. Whether it is merely hardness 
reduction, or complete demineralization, chances 
are his technical ability will enable him to develop 
a number of ways to produce it. But, most im 
portant — he has the practical understanding to 
know which of those methods is the most efficient 
and economical — the practical method 
for you 
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ORGANIC- 
ANTIFOAMS 


CONDENSATE 
CORROSION 
INHIBITORS 





UNDESIRABLE EFFECT 
DESIRABLE EFFECT 
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A Nalco program of water treatment for your 
plant is based on all the elements which affect 
results: chemical, mechanical, and operating fac 
tors. To do this, Nalco field personnel bring the 
full weight of unexcelled water treatment re 
search and development, vast field experience, and 
specialized training and skills into use to recom 
mend a program with one aim: the lowest overall 
cost consistent with best results 


A Nalco Program Based on Results 


Once established, your water treatment program 
includes regular checks by your Nalco Represent 
ative Nalco believes that water treatment re 
sponsibility is continuous — and the thousands of 
Nalco-treated plants, many of them Nalco cus 
tomers without a break for thirty years and more, 
are ample evidence that this belief works well in 
practice 

For prompt action on a Nalco program for your 
plant, call your Nalco Representative today or 
write 


NALCO CHEMICAL COMPANY 
6234 West 66th Place ° Chicago 38, Illinois 


exico, Sp 
und West Germany 
Alchem Limited, Burlington, Ontario 


®... Serving Industry through 
Practical Applied Science 
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onsulting Engineers: Ebosco Serv 


(OR EVEN HIGHER 


—— 4000 PSI 1,00 F WHEN YOU NEED “ 


FEEDWATER HEATERS WITH YUBA'S EXCLUSIVE MULTILOK CLOSURE are capable in basic design of operating 


Other Yuba products for steam power 
plants include condensers, evaporators, 
expansion joints, tanks, bridge and gan 
try cranes, structural steel erection, and 
scores of other items 


at the extreme pressures and temperatures required more and more 
by the power industry. 

The Multilok Closure, a Yuba exclusive, is one of the important 
reasons why these units operate so efficiently and safely in the 
4,000 PSI, 1,000° F range. And Yuba is prepared to produce units 
to handle even higher pressures and temperatures when needed. 
A pioneer in all-welded design, Yuba offers both all-welded and 
bolted construction — a complete and versatile line of feedwater 
heaters tor high and low ranges, for every type of job. When space 
is a critical factor, as many as three low pressure stages can be 
combined in a single shell for a highly compact unit. 

You'll want to discuss both design requirements and costs with 
Yuba heat transfer engineers during plant planning stages. The 
scope of Yuba designs will offer the best solution to your partic- 
ular problem. 


specialists in power plant equipment 


YUBA HEAT TRANSFER DIVISion 


YUBA CONSOLIDATED INDUSTRIES, INC. 


Saies Offices in Principal Cities 
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THERE’S NO “OR EQUAL” 
TO DEARBORN’S ENDCOR‘* 
FOR COOLING WATER TREATMENT 


a, 


1. No treatment 


2. Chromate-polyphosphate mixture—50ppm. 


3. Chromate-polyphosphate mixture plus Endcor A—5S0ppm. 


Unretouched photographs showing the effect of Endcor A in cooling water treatment at a pH of 6.5 and a temperature of 130° F. 


Today, there’s more than two years of performance 
proof behind Dearborn’s cooling water treatments 
with the research developed additive, Endcor. 


And today, more and more companies, with millions 
of dollars worth of cooling systems and equipment 
to protect, are striking out the “or equal’’ clause 
and directly specifying one of these Endcor products. 
There’s Polychrome © 501 and 505 with Endcor A 
... Dearborn © 860 with Endcor B... and others 

-all designed to do specific corrosion and deposit 
inhibiting jobs more precisely, more effectively, and, 
in many cases, more economically. 


Behind these products are important “‘pluses,”’ too. 
There’s Dearborn’s experience dating back to 1887 
longest in the water treatment field. There’s its 


extensive research facilities... its modern, com- 
pletely equipped laboratories to provide truly 
scientific answers to specific and baffling problems 

. its Technical Center in Chicago staffed with 
recognized experts to back up products and Dear- 
born engineers in the field. 


Because of its critical importance to overall results, 
Dearborn also provides the most complete and 
effective line of chemical feeding equipment of any 
water treatment company. 


We'll be glad to send you Technical Bulletins on 
our Endcor products. Or to consult with you on any 
water treatment problem, without cost or obliga- 
tion. Call or write us today. 


RBORN CHEMICAL COMPANY 
General Offices: Merchandise Mart, Chicago 54 + Dallas + Des Plaines, Jil. + Ft. Wayne + Honolulu 
Linden, N.-J. + Los Angeles + Nashville + Omaha + Pittsburgh - Toronto « Havana + Buenos Aires 


COMBUSTION Morch 196! 


13 

















WE 
ARE BUILDING 
A NEW 
CLEANING PLANT 


... better, cleaner coal will come 
from this Eastern Gas and Fuel 
12,500 tons-per-day new facility 


With the completion of the new proc 
essing plant at Federal No. 1 mine, we 
will have the most modern facilities 
in the Fairmont, West Virginia, coal 
field. Designed to handle 825 tons-per 
hour of raw coal, the new cleaning plant 
will produce 12,500 tons-per-day of 
completely cleaned, dried coal in a wide 
range of sizes. 

The plant will be equipped with the 
most modern machinery for cleaning 
and sizing the coal. Deister tables, froth 
cell units and heavy media separation 
will be used to purify the coal, and 
several types of dryers and dewatering 
equipment provide a low moisture con 
tent finished product 

Most of the processes within the 
plant are automatic, including sam 
pling of each size of coal, which pro 
vides excellent quality control 

This addition to our facilities re 
affirms our faith in the future of coal 
and our determination to continually 
improve our product. It underscores, 
too, a recognition of customer's needs 
and the ever expanding demand for 
quality coal. The new plant is now 
under construction, and is expected to 
be in full operation in early 1962 

Any Eastern representative will be 
glad to explain in detail how this new 
plant can be of service to you. Offices 
located in Pittsburgh, Boston, Cleve 
land, Detroit, New York, Norfolk, 
Philadelphia and Syracuse 


EASTERN GAS AND 
FUEL ASSOCIATES 





buel 
|Norblo’ 


Utilizes Westinghouse 


silicon high-voltage 
rectifier cells 


You get more power...reduce maintenance... increase reliability when you 


convert to Buell Silicon Rectifier Units 


Buell Silicon Rectifier units can 
increase efficiency of your rec- 
tifiers 25% or more @ Per- 
fected and specifically designed 
for fast, simplified conversion of 
existing mechanical or tube recti- 
fiers @ They cut operating costs, 
reduce overall maintenance @ En- 
able more efficient utilization of 
power @ Eliminate rectifier main- 
tenance @ Reduce outages @ 
Reclaim plant space @ Suitable 
for indoor or outdoor installation 
@ For only a smali investment you 
can materially improve your recti- 
fier performance @ For details of 
the unit and a specific proposal 
write: Buell Engineering Co., Dept. 
76-C, 123 William Street, New 
York 38 @ Northern Blower Divi- 
sion, 6413 Barberton Ave., Cleve- 
land, Ohio M@ CYCLONES, ELECTRIC 
PRECIPITATORS, BAG COLLECTORS, COM- 
BINATION SYSTEMS, CLASSIFIERS, FANS. 
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The Anti-Trust Cases—Symptoms of an Industry Sickness? 


Phe 
mayor 
the 
ol criticism 


recent widely publicized ‘‘guilty plea of the 


electrical suppliers on violations ol 
Anti 


against the industry in 


equipme! 
1as loosed a veritable flood 
the 
attempt to apprise its 


Sherman lrust 
popular press 
To date this press has made no 
the industry or of 


readers of any of the background of 


that could have influenced these 
the 


individuals upon whom the sentences were imposed 


certain of the pressure 


suppliers to so jeopardize themselves and hapless 


Fortunately, the investment houses in their advice to 
been much more 
1 he 
unts out 


those active in the stock irket have 


One such 
Edition 4 rt y 2 


orders for utility equipment, par 


cognoscent 
uue Line 


the fluctuations it 


its publication 
1961, 7 


ticularly generators and related equipment, are as wide 


as for the most volatile lurable L9DS, tor 


goods In 


example, orders for new generating equipment were less 


tenth ot those received in 1956, the most recent 


Phe 


tact 


than one 
peak year these fluctuations is height 
ened by the 


proportionately higher th 


mp 
this industry 
most other segments of the 


research outlays are 


economy This is so because the nation’s electric utils 


lerms of plant and 


ties, (he largest industry in the country in j 
inufacturers for virtually 
In other 


uipment supply industry 


juibment depend upor 


ill innovation and technol il improvement 


words the fixed costs 


ire even higher than would be indicated by division in 


come accounts hus there is enormous pressure when 


at a loss At its 


Sales 


business even 


trigger White 


volume slackens to get 


worst the pressure wherein 


some cases—more than tw rs output was booked at a 
industry 
Merely to 


nust counter the natural 


loss By periodically cutting prices the 
heightens the problem of cyclical 
then, the in¢ 


pressure on prices 


Savings 


break even lustry 


Information such as this, and it is only a small part 


of the picture, is vital before passing judgement on an 
entire industry. Are the situations which provided the 
grounds for the Anti-Trust Cases freak ones, products of 


the times and a unique assembly of many like-minded 
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individuals within the major equipment organizations 
all holding comparable positions of influence, and never 
Or is the whole mess not akin to 
rhe 


more 


likely to occur again? 
that of a drowning man clutching at straws? 
industry's plight--and we believe this to be the 
accurate interpretation of the Anti-Trust suits 
and not better with the trend to fewer but 


is going 
to get worse 
larger and larger capacity turbines, higher pressure and 
higher output With this trend clearly es 
tablished and foreign manufacturers eager to add their 


boilers 


pressures of competition profit margins for the few U.S 
suppliers able to survive are going to get less and less 
attractive Something needs to be done to bring balance 
and sense back to this important segment of the economy 

Our contemporary, //ectrical World, in its September 
19, 1960, issue published a Management Newsletter and 
one portion of it served this cry for sense in the most con 
We 


electrical 


structive manner we have seen anywhere 
Utility full the 
industry, have a vital role to play in the establishment of 
market well 
considered purchasing policies 
the industry as well as the particular utility 


quote 
executives, as partners in 


such a [his must come in the form of 
policies that will serve 
Among 


the fundamentals of any utility purchasing policy are 


@ The utlility must have strong and dependable sup- 
pliers. 

@ Several sources of supply should be insured for every 
product or piece of equipment. 

@ Technical advances in equipment should be en- 
couraged. 

@ Efforts should be made to smooth out industry buying 
cycles to aid the more economic manufacture of large 
equipment. 

e Utility purchasing men should be encouraged to 
apply value analysis wisely to every set of bids or quota- 
tions. The necessity of having strong and dependable 
suppliers as well as alternate sources of supply are basic 
tenets in most written purchasing policies, and are based 
as much on self-defense as on anything else.’’ 





The need for free and open discussion of the problems 
the steam-raising industry faces in controlling boiler 
furnace explosions prompted COMBUSTION to stage 
a forum on this subject a year ago (March, April 1960). 
This year this same forum treatment was staged under 
the auspices of the Fuels Div. of the ASME 


Furnace Safeguards Panel —Il 


In advance of the session all panel members were advised that the objectives were new ideas, untrammeled personal opin 
Lom with the clear understanding that no comment by any individual would be construed as representing his compan 


policy and that no comment would be associated with an individual's name if he had any objection 


Lightoff 


Chairman Summers.... ‘We move now to another question that was placed before the panel 
concerning lightoffs. Many sets of statistics indicate that lightoff is at 
least 50 per cent of the hazard involving in boiler explosions 

The panel was asked to consider, after we got through this purg 
that we couldn't quite agree on, how we are going to tell it is finished, as to 
procedure or considerations for lightoff. This time I would like to reverse 
the order and ask Mr. Wheater for comments first 


R. I. Wheater.... I believe the question is how soon after the purge is complete should the 
unit be lit off 


Chairman Summers.... Under what conditions— high air flow or low air flow? 


R. I. Wheater.... Our feeling is that there should be no time lag between the completion 
of the purge and lightoff The air flow is reduced from approximately 50 
per cent, we think, for a complete purge down to the air requirements for 
lightoff, which are not theoretical air requirements There is considerable 
excess air at this point 


Chairman Summers.... Mr. Mitchell, do vou have a comment concerning lightoff ? 
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I don't think so 


E. R. Mitchell.... 


W. C. Beattie.... I have a comment You are talking about the air. Are you talking 
about the air flow through the entire boiler or the air flow relative to one 
burner? The success of lighting off will depend upon what happens with 
the fuel-air ratio at the one burner: whereas the meter that you have on 
the board for the operator generally indicates the average in the boiler 
You generally start a fire, as far as I know, with one or two burners, and 
then expand that fire until you have accomplished three, four, depending on 
the type of burner, and you will probably get up to 32. 

When you talk of air flow, you have to go ahead and tie it to a burner 


flow, as far as I am concerned 


I think most of us will agree with you on that There have been som 


serious accidents caused by ignoring that practical point 


Chairman Summers.... 


You have to consider the entire furnace through, because we have had 
difficulty with suspension of fines. If you are talking merely of velocity 
through the burner, and disregard the velocity through the furnace, you 
This cost us quite a bit of money in 


R. M. Lundberg 


can have segregation of coal fines 


one instance 


Then I say you are not purged 


W. C. Beattie.... 


rhis is a long period after the initial firing. The fines segregated 
during the firing period of about one and one half hours 


R. M. Lundberg.... 


Chairman Summers... . “You had not properly ignited that burner to begin with 


“That is correct although the operator had no indication of abnormality 


R. M. Lundberg.... 





C. W. Kellstedt.... rhis is one of the keys we are talking about. In lightoff the question 
is to light it off right in the first place. I think that is where the operator 
comes in. We are inclined to blame the operator for a lot of our troubles 
Ihe poor fellow has little to go on. With the modern control room, he ts 
100 feet away from the furnace. He may have two furnaces to deal with 
today All he has got is a draft gage and an air flow indicator, and if he is 
on coal, he has no coal indicator ex« ept speed of coal feed or something like 
that 

We have to give the operator, I think, an aid, more than we do now 
before we can blame him too much or fire him, as has been suggested 

It seems to me we have to give him a visual aid, a way in which we can 
see if he is burning the fuel as it enters the furnace I am now talking about 
television I would like to hear some discussion on that 


Chairman Summers.... We do have some later discussion on television I would like to hold 
that for a few minutes, if we could, and ask a point on this lightoff con 
cerning the magnitude of the ignition flame We all know we have boilers 
where there is nothing much more than a matchstick igniter in there 
We have others which are very substantial burners. Can there be any 
general agreement on the intensity of the ignition flame to help get this 
coal burner lit off properly to begin with? 


C. W. Kellstedt.... Che way we do that in our system boilers is put an operator up on the 
burner platform. We light our ignition burners, and then the operator 


} 


calls back to the control room, and he says, ‘That is a good ignition flame 


Phat is his opinion 


Chairman Summers.... Could you define that Is it | million Btu? 


C. W. Kellstedt.... It might be 30 million Btu in some cases; in some other cases it might 
be 5 million, which it is in some of our units. What he means by that is 
that it is the maximum flame he has ever seen on the ignition burner 

When he tells the operator that, then the operator turns the 
fuel on If he can get close enough without getting hit by the back 
he can tell quick enough that the main burner is lit and lit okay 
he way it 1s done now 
I know of no flame detection device that can do it any better 
present time hat is why I made the comment I did earlier. It seems to 


me the operator in the control room ought to be able to see a little bit for 


himself 


Chairman Summers.... \re there some other points 


W. C. Beattie.... I think the question you asked is one of those questions that you can't 
answer If I get the question right, you are looking for a ratio of Btu 
burned on an ignition burner over the Btu burned on the main burner wher 
it starts to give vou a steady flame 


Chairman Summers.... At least a feeling as to the relative intensity of thes« 


W. C. Beattie.... It comes down to the practice in an individual plant; what is the 
minimum flame that you can keep on the main burner and substantially 
have a steady flame? That will vary from plant to plant and from burner 
to burner and from device to device, depending upon what system you are 

dealing with 


Then vou have an ignition burner thrown at that main burner, and 


that will vary, depending upon whether it is a small candle flame up to a 
trying 


large 30 per cent, probably, Btu value of the main burner you are 
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J. C. Falkner.... 


Chairman Summers.... 


J. C. Falkner.... 


Chairman Summers.... 


W. C. Beattie.... 


J. C. Falkner.... 


M. D. Engle.... 
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to ignite. You will have to vary your practice over the years from some of 
the small ignition burners on to the larger ones, depending upon what 
plant you are in and what system and what year you are talking about 
You can have any answer on that ratio that you are trying to get an answer 
to 


One question that has come up here that I haven't heard answered or 
even brought up is this. Con Edison has a lot of million-pound boilers 
shut down every night-—-maybe eight or ten of them They are kept warm 
in most cases. They may have steam pressure only reduced to three or 


four hundred pounds less than operating point. These boilers are hot and 


could be started up at most any time. I would like to know what we are 
going to do about starting up. One thing I would like to ask is what is the 
rate of fuel reduction we are going to put in there that will be safe 


Before you run away let me see if I have the question You say what 


rate of fuel reduction ? 


Yes. It was brought out you would reduce in the case of shutdown 
when you are operating at full load; that you would start reducing the 
rate of fuel into the boiler Phat is the thing I would like toknow. About 
what rate or how would you exactly get that rate of reduction that way 


you want it? 


Does the panel understand the question? 


Yes, I think I will take my former boss on. The question is this 
What rate will you start firing the boiler off? Jeff is referring to a million 
pound boiler that we have shut down from the night before There are a 
few things that you have to consider. You have to establish the base 
plane before you can start answering the question. One is that you have 
to consider the number of burners that are in this particular boiler and 
how many burners are fired by a particular mill; if you are on coal or 
if you are on oil, how many burners are supplied by one individual line 
from a control valve, and the same goes with gas, so that you have to 
start off with a minimum number of burners that you can get separated 
out or segregated to start this burning of the fuel 

With that minimum number of burners established, then vou have to 
know the minimum flame condition that will be steady on those burners, so 
you do not have a pulsating flame, flame out, flame batting up against the 
air and pulsating the furnace walls 

Once vou have established the minimum flame flow or burning rate for 
the burner, you have the number of burners that will give you the minimum 
pounds of steam. On a million-pound boiler, generally you will find it is 
in the one-quarter range of the boiler for your steady ignition stat 

lo get there, you have an ignition system that is given to you, designed 
for you by either the manufacturer or your own mechanical engineer or 
combination of both; what you have to do then is to get that ignition 
system to light off your burners and get them to the minimum steady rate 
as quickly as possible 

As I said, on a million-pound boiler that would be about 250,000 pounds 
for the minimum steam production that you would get out of the boiler 
Until the tune where you actually get the steam out of the steam lead, 
you will have that heat being imparted to the boiler to produce that rate of 
steam. Does that answer your question? 


‘I think so 


“I think this is one of the most important questions that has come up 
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ind that is how much heat do you have to put in to light off a boiler when 
the boiler is cold and when the boiler is hot? 

My guess is that you are not going to get any answer to that here this 
ifternoon for the simple reason that no one has fundamental research 
necessary to find it out 

It doesn't seem to me that it is too difficult We have been discussing 
this after our furnace explosion in Pennsylvania Power & Light, and our 
problem would be what is the size of burner 

We have been using about 5-muillion-Btu burners, but we also have 


million burners, and everybody says, ‘That is wonderful 


W. C. Beattie.... Wouldn't it be possible in a coal-fired boiler to start off with a 
million burner and then take a sample of the flue dust? If you are properly 
igniting that burner, you are going to find that the flue dust contains 
maybe 40 per cent carbon and that flue dust might be 10 or 15 per cent 
olatiles. If you drop the size of your ignition torch, isn’t it almost 
obvious that the combustibles in the flue dust are going up and the volatiles 
in that flue dust are going up? I think that by that research you could 
definitely find out the size of burner in Btu per hour required to properly 
ind safely ignite a coal burner Phat also will depend, in addition to the 
size, on the size of the burner, and it will undoubtedly depend on the design 
of the burner It will also depend upon the volatile matter of the fuel vou 
ire burning 


Chairman Summers.... Mr. Livingston has a comment 


W. L. Livingston... . Che problem of how to ignite and how much to ignite the main burner 
stem of a firing system for a boiler 1s extremely vast If you are lookir 


for a simple answer, there just isn't any 


However, I can give you the limits for a safe pilot torch or a safe 
] 


lighter system The unsafe limit is zero Btu's per hour, and the safe 
limit is infinity The proper fuel input will be somewhere between those 
two limits Laughter 

I would say that you could have a m that is very safe with 
million Btu's per hour equally as sate as another system requiring maybe 
100 million Btu's per hour The problem is so vast that there isn't ar 
simple answer, but I agree with you wholeheartedly that the basic r 


search work should be done to find out 


L. H. Coykendall.... I believe I could agree with all of these things, particularly Bill Beatt 


comments that the various types « 1 that you are lighting ofl 
controlling factors in what kind of a pilot will light them off If 
coordinate your burner design with the lighter design, you can light 
safely I know that on our oil and gas burners, we in a pilot 
that is about 600,000 Btu's per hour Chis is perfectly saf nd will 
them off 

We go from that to 3 million on a coal fire with high 
10's; on the cyclone furnace we go t million Btu, and this is main! 
warm up the cyclone furnace s lat 1 burn the coal We 
coordinate the burner design with the lighter size and design and thet 
must issue instructions or put in equipment that checks the flame fro 
vour pilot to see if it is of that intensity 1 do this if vou have 
pilot. You set the pilot gas pressure at a certain point. Your lighter 
designed for that pressure to produce 3 mi 1 or 10 million or 600,000 
Btu You can do the same thing on the oil burner You can check the 
oil pressures and make sure that vou are getting the fuel through the burner 
that you should 

I don't discount the idea of having television or some visible method of 
sceing what vou have, just as a secondary check I think it is important 
to have that, but if you coordinate your pilot design with your burner 


design, there shouldn't be any troublk 
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Control Hardware 


You have led right into the next point, Coy, by mentioning checking the 
ignition gas pressure or the oil pressure This brings us to the matter of 
hardware not the solid state logic devices or the other fancy electronics 
that is being talked about which field experience is proving to have high 
reliability meaning items like limit switches, pressure switches, sampling 
systems, the hardware that is going to feed indications to either the operator 
or an automation system 

What is the experience of the panel with stems such as vane positioning 
limit switches? Would you care to start off on that, Mr. Parker? 


Yes. We found that our hardware in that respect is pretty reliable 
One place where we did find it weak was in the matter of pressure switches, 
which measure the gas pressure or the oil pressure, particularly at low 
pressures 

We found that we have been using a device which was actuated by a 
Jourdon tube, and it wasn’t reproducible at very low pressures 

At vour suggestion, Mr. Summers, we have gone all-out and bought a 
Cadillac type switch and run extensive tests on it and found that it 1s 
highly reproducible and very mych more accurate and will permit us to 
operate, for instance, gas burners at much lower pressures because it will 
be safe to set the trip switches at much lower values than we had previously 

I listened to some of the rest of that discussion, and a lot of it fits in 
with our recent experience 

After our boiler explosion, we ran over 100 tests on one boiler, varying 
ur flow and varying gas pressure with one burner, with two burners, and 
up to four burners 

It is probable that we would be wise to go on and try it with more 
burners than that 

We found that we could operate these gas burners over a very wide 
range of gas flow or gas pressure and over a very wide range of air flow 
We also found that the very best measure of the amount of air flow was 
the differential across the burner register; that if we establish a safe value 
say two inches or three inches, for one burner, we can immediately put in 
unother burner and another burner, and as long as we maintain this same 
differential, then we have the same amount of air going through and we 
ire not running the risk of starving the first burner when we put in the 
second burner, or the third burner when we put in the fourth burner 

We strongly believe that extensive tests on flame stability with all 


types of burners—coal, gas, oil--are advisable and will supplement the 


manutlacturers instructions 


That is very fine Mr. Lundberg, would you have a comment on this 
5 


hardware aspec tf 


I think we have had rather good luck with hardware, as far as limit 
switches are concerned. I can’t even remember the names of any of our 
limit switches. We haven't had that much trouble with them. We have 
had the same problems on low pressure devices. I would say that the 
hardware that we need most improvement in has been in igniters Maybe 
this is not the type of hardware you were referring to 


It is an important link, though. Go ahead 


We had one very bad experience. We spent about two weeks proving in 
our igniters with the boiler manufacturer. We made the tests suggested 
earlier for volatiles and for carbon in the ash. We set probes in many 
locations all through the furnace and allowed them to remain until de 
stroyed so that we could get all types of experience up to the point of 
destruction 
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We weren t able to reproduce any of the conditions which disturbed us, 
no matter how far out of line we went We couldn't do anything as bad 
deliberately as we did accidentally 

I think one of our difficulties lies in the fact that operators become 
distracted when hardware malfunctions. I don't think we have to talk just 
ibout control hardware If a feeder hangs up, the operator must give full 
ittention to the feeder I could talk about other control hardware which 
usually functions well, but I think the operator is preoccupied with the 
complexity and number of controls on some of the larger units and they 


have hardware failures als 


Hardware in the burner system is just as necessary for combustion as 


the control hardware Let me get down to Mr. Baley, who also is with an 
operating company What has been your experience with the hardware 


If | understand your question correctly, you are talking in terms of 


possible complete automation by use of presently available hardware 


Or just non-complete automation where this hardware is advising the 


operator in the control room of conditions that he can no longer see or feel 


I don't think we are anywhere near complete automation There 
just too many things to check We will still have to depend on the operator 
it is still our practice and the general practice in most coal-fired plants 

ve an operator at the burner when it 1s put in service 
} 


I think we are going to have to depend on him for some time before we 


get to a completely push-button stage 

I would like to go back to Kell’s remark about information to the 
operator I think we do have means of telling the operator in the isolation 
booth, in the control room, what 1s goimg on We can give him more 
information than we have been doing in many cases I think we have been 
miss in not giving him everything we can-—whether it is television or 
flame scanners or purple peepers or some other equipment that is becoming 
ivailabl 

There 1s at ng in the operating business, ‘It is possible to shave 


with an ax n too many cases the designer 1s givu 


What we want 1s a woodman’s axe, which is honed and 


I might comment on this a little here We have found in doing 
nation studies we have been involved in that it is certainly 
to keep informed on the basic aspects More than once an 

exclamation has come from our engineering group, ‘How did the operator 

lo this without having this solid information? hat certainly supports 


nents 


can answer the comment this way In days gone by, fifteen years 


igo, when the boiler was 500,000 pounds, you had a control board along 
side the boiler, with a door open, so he could see the fire was lit He can no 
longer do it 

When Mr. Baley says we need to give the operator information, he ts 


~ 


right down my street That is what we have to do. We have to use 


these devices to give him information. We are not ready to trip the boiler 


ind start it automatically without him vet 


suppose we had better make this comment We are going to try 
that, so I will let vou know in about a vear 
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C. D. Birget.... In connection with Jim's comments about giving the operator informa 
tion, I think probably we are maybe a little lax in giving the operator the 
proper information. I don't know whether a large number of you have been 
in a control room when some of these things went haywire You have 
enunciators sounding, your draft gages are going everywhere, and your 
meters are moving. It is a wonder the darned operator makes it run at all 
I am wondering if we aren't making a mistake in not giving the operator 

le proper informatior 


very sim] 


Chairman Summers.... Phat is an excellent point, and I think when the panel is using the 
word ‘information’ in general they are using it as digested information, 
not just additional things to confuse the operator with 


V. F. Estcourt. ... I think the word ‘information’ is too narrow What we are really 
talking about is communication As these jobs get larger, we get more and 
more impairment of communication between the control room, which is 


frequently isolated, and the man at the equipment, say, at the burner 


tront There has been more than one explosion that has occurred not 
through lack of information but due to lack of communication 

I wonder who would contemplate putting in a fully automated job 
without complete feedback of all of the intelligence to the initiating 
devices 

Whether you are fully automated, and providing feedback of intelli 
gence to the initiating devices or whether you are operating with perhaps 
two men teaming up on an operation, you have to have that same kind of 
communication. I think this is too frequently overlooked entirely 
Nobody looks at it in these terms 


Light Off Safeguards 


R. I. Wheater.... I think we are all in general agreement that the operator should have 

the best possible information available today No cost should be spared 
from that standpoint However, I think there is one other thing that 
should be considered That is if you draw a corollary between a boiler 
operator and an airline pilot it might be enlightening An airline pilot 
lso controls a very complex piece of equipment. In so doing, in order to 
maintain the safety standards they have today, they require a period 
check in a similar plane or Link trainer type of thing 

I see no reason why more effort couldn't be made along this line insofar 
is a boiler operator is concerned There is too much of a tendency to 
put the boiler and equipment in operation and then keep it in operation 
for aS many years as possible The net result is that the operator has 
very little training in the emergency stages of operation and very littl 
possibility to check him out, insofar as his ability to handle an emergency 
when it arise 

It seems to me that something more could be done along these line 


Chairman Summers.... You are probably aware of some of the work of electronically simulating 
boiler operations. This seems to offer some hope of giving the operators a 
foil against which to test their abilities 

Much more work, as I see it, remains to be done there, but certainly 
something has started 

I just recently found out that work is going on in England along this 
line to let the operator try his hand in these emergencies 


W. C. Beattie.... I would like to ask my colleagues on the panel one question. We are 
using the word ‘operator’; whereas some of the gentlemen have indicated 
operators because there is one at the burner and one in the control room. 
How many on the panel would light off a burner remotely from the central 
control room without any person on the individual burner level or at the 
boiler? How many would? 
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It depends on the fuel 


terminology, it includes 


In other words, it 1s anv 


I am asking the panel mem many would light 


I would like to ask how many think this type of operation 
mercially practicable, say, within the next three years. It is 


five by the show of hands 


[ am interested in Mr. Wheater’s comments on the pilot of the airplane 
versus the boiler operator I would like to resolve the differences between 
the salesman who sells the boiler and the engineer who designs it and savs 


what the boiler can do 


Somebody said something about the turndown ratio on boilers You 
now, you wouldn't sell a boiler if you didn't talk about a turndown ratio 
three times what it would do Laughter 
think we had better get at this thing like the building code on your 
house You know, if ve buy a house from a contractor, vou are all 


‘ 
1 


griped up because he can skin that darned house everywhere and still 
meet the building code: but if vou want to try to repair this house, vou 
ire caught in the building cod It requires three times as much his is 
what we up against Boilers are being sold on the representation that 
they will do thus and so You get this boiler and put a little different 
fuel in it than the specifications call for, and it is an engineering determina 
tion to prepare an instruction for the operator to operate this boiler through 
ill the conditions of the fuel and load that he will have 
I don't like to hear talk about either gas or pulverized coal fuel with 

rate of turndown where we begin to get some instability in th 

is too darned late When your flame begins to get unstable 

too tar These are the criteria that should be set forth i instruction 


for each boiler, for the condits ns peculiar to the oper 1 f that boiler 


I think the code for the operation of boiler 1 operation 


flame safety in case of flame failure, should comprehen | 
tions It should be written by an engineer and should be wri for the 


conditions that the boilers operate under 


In answer to that last question where we ha 
whether or not we believe a boiler can be lit remo 
second operator at the burner front, no one could 
without qualificatior You have to consider each i 

We have been designing boi o be lit from the 
having a second man at the burt or some time, for 
vears We have installed this equipment On any 
have operating today, I wouldn't operate them without | 
the burner front I know I will be tried for treason wh 
Laughter Nevertheless I do think that with the e« 
ire adding presently and with good television—and 
good televisiot laughter) it is perfectly safe 
I think it is safe and will be safer to operate som 
fuels from the control roon 


At some time Laughter 
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C. E. Parker.... Within the next three vears or next five vears or something like that, 


almost all boilers designed this way will be safe to operate from the control 


room or from automatic equipment 


V. F. Estcourt.... I 100 per cent with what Charlie Parker said, but I am puzzled 
ibout the question. We 
iround the country, particularly with gas, that are being lit off from the 

Isn't that so? 


agree 


future nature of the have a number of jobs 


control room without anybody going up front 


Chairman Summers.... We hav ome 200 burners operating that way to my knowledgs 


There m 


V. F. Estcourt.... I wouldn't have raised my hand if somebody had given the question 


given originally, but the gentleman that rephrased the 
whether it 


it is commercially a fact 


the way it was 


was commercially feasible, and I raised my 
But if someone had asked, ‘Are 
you willing to light the from the control room? 


then I would have given the answer that Charlie Parker just gave 


question asked 
hand because 


burners off remotely 


A. W. Hindenlang.... The joker in the question was three fuels—coal, oil, and gas, not just 
gas. Whether this will be practical in three years is something else again 
[his certainly the fact today. This is why I asked the 


1 thought I put it in the same words as it was initially phrased 


is not question 


V. F. Estcourt.... It is commercial for oil and gas now, as I understand it 


There seems to be a tendency 
that 
I have just as much respect for gas as I have for oil and as I have for coal 


I have only one more statement to make 


W. C. Beattie.... 


here to think that gas is safe and that you are okay. I want to say 


Any one of the three can give you the same noise, and it has a similar 


effect when the bang happens 


AEC Withdraws Proposed Bases for Improved Cycle Boiling Water Reactor 


a third round 


HE Atomic Energy 


bases for cooperative arrangements for 


ion has withdrawn the waiver of fuel use charges coming under 


proposed contract. Combustion Engineering has _ beet 


ty pe 


the Improved ¢ Water Reactor project favored with the contract to design and fabricate th: 


\tom« 
prompted by In 


reactor vessel to house the nuclear core 
iivising the AEC of 
referred to a letter by the 


mittee on Reactor Safeguards, dated Jan. 14 


from the Ci ommittee on huge 


mgressio1 
Energy The Commissior ction was their withdrawal the cities 
the withdrawal of th 1t1 ol os Angeles and Pasa 
dena, Calif., from ] icipation in the project The 
electrical kilowatt 
County, Cals 
which 


Commission's Advisory Com 
1961, which 
expressed doubts that clarification of unknowns related 
to the 
presently 


cities would have 
plant Haskell 
forma, under the | 
to the JCAE on N 5, 1960, in accordance 


hydrological and meteorological 
Haskell 


make it prudent to use this site for a larger power complex 


ngeles uspects of the 


ngements were contemplated Canyon site would 


referred 
with statutory re 
It is 


Edison is negotiating to buil 1 360 


quiren 


rhe cities also referred to an expected increase in the 


Southern California in part to 


M we 


variously estimated cost of power from the plant, due 


water nuclear power s 101 in estimated cost of 


$78,000,000 cost will be $225 per 
It is expected that 
fuel 


prob ibly or 


installed kw 
this plant 


stations in the 


will be with fossil power 
Southert hforma area 
the second or third co 

Westinghouse and Bechtel are negotiating the prime 
contract working 
out details in 


approval of research 


to build the pla nd are presently 


tinghouse is requesting 


pment funds as well as 
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pressurized the pos 


sibility of not being permitted to use the site for a 
large nuclear power complex and in part to higher fuel 
ition and maintenance costs not anticipated at the 

of the 

il was submitted in 

1959 to publicly 
submit proposals for the opera 


cities’ proposal to the Commission Phe 


response to a Comrnission 
i? December and coopera 
ned utilities to 
1 nuclear power plant incorporating a 50,000 
kilowatt The 


KO0.000 electrical 


boiling water reactor reactor 


e been a prototype for a 


wtor 
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this is the complete Foxboro 
Control Panel for 


Seaaaagm ‘ 
SBoegnon 


FOXBORO BOILER TURBINE CONTROL panel at 
Merrimack Station, Bow, N. H nclude 


$s com- 
plete combustion, [eed wat ind steam t 


empera 
p nati nstruments 
are located on vertical por 

trical switches and dials a 

console resulting u sim 

and wiring 


ture control systems All 


PUBLIC SERVICE COMPANY OF NEW 
HAMPSHIRE’S new cyclone-fired 
boiler plant at Bow, N. H., gener- 
ates 815,000 lb/hr. of 1875 psi 
steam at 1005 F 
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FOXBORO CONSOTROL RECOR 

have full-scale 4-inch charts the 
same scale as large case instruments. 
Note operator's console is an in- 
tegral part of Foxboro control panel. 
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Boiler Turbine 
a 100,000 kw Steam Station 





-_ -_ S 
FOXBORO INDICATING pressure transrr 
Cell* flow transmitters 
boiler measurements t 


allows for 3 additional boiler units 
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' 


te 


located on rack ne 


rs 


compact Consotrol* instruments help 
Public Service of New Hampshire slash 
control costs of new Merrimack Station 


A. om pat t control center which com- 
pletely eliminated the need for a 
separate operator's console resulted 
in many significant savings for the 
Public of New 


Hampshire. 


Service ( vompany 


$y using small-case Foxboro Con- 
sotrol control stations, the recording 
panel and the operator’s console 
were combined in one integral unit. 
Results: plant operation is more effi- 
cient, because recorded variables and 
all directly in 


control switches are 


front of the operator. Total installed 


and Foxboro d/p 
xt to boiler, transmit 
Station design 


cost was reduced because the need 
and the expense of transmitting vari- 
ables and control signals between the 
panel and the console were eliminated. 

In addition, valuable control room 
space was saved, states David Merrill, 
Station Superintendent. 

If you're interested in better con- 
investigate the 


trol at lower cost 


Consotrol story. Your nearby Fox- 
boro Field Engineer will gladly give 
complete details. Write for Bulletin 
13-18. The Foxboro Company, 273 


Norfolk Street, Foxboro, Mass. 


§. Pat. Off 


7406. v.86 PAT OFF 





in an attempt to give the electrostatic precipitator 
the advantage of quick, periodic, in-service checks on 
general operating performance the author suggests a 
partial inspection of key points to reduce inspection 


time and yet enhance preventive maintenance. 


Key Point Inspection, Electrical Indicators Save 
Time on Fly-Ash Precipitator Maintenance 


By R. W. SICKLES 


Research-Cottrell, Inc. 


Always open hopper doors slowly or you may be in the 


OME internal inspection of fly-ash precipitators 
installed in steam generating plants is unavoid path of an avalanche of hot dust 
ible \ program that requires a minimum of : 
inspection time and produces maximum results in <) CORROSION 
preventive maintenance 1s possible Corrosion, when it exists at all, often occurs, un 
But, too often internal inspections are neglected fortunately, in the most inaccessible parts of a precipi 
because there is a scarcity of maintenance pe rsonnel tator Check the following spots where the first signs of 
and of shutdown time. Or the inspector does not know — eorrosion most frequently occur 
exactly what to look for, or where to look hen, either 
the hot and dusty precipitator gets a time-consuming 2.1) Doors AND Door FRAMES 
eer octern je — naar shorten inspec It is usually difficult to insulate or gunite around door 
on time considerably and yet yield maximum dividends 
preventive maintenance Certain electrical indi 
cators can also be used to pinpoint faults before an 
inspection 1s actually made It should be noted, how 
ever, that the partial inspection may indicate that a 
complete inspection is necessary 
Here 1s a concise account of the key points and elec 
trical indicators to look for No attempt is made here 
to give details of the actual repairs hese repair pro 


cedures will depend on the time, money and material 


available in the individual case 


Key Points for Physical inspection 


The condition of certain key points in the fly-ash 
precipitator gives a generally reliable indication of the 
condition of the entire collector he location of these 
key mspection points is shown in Fig. | Che numbers 
for these key points in Fig ire also the numbers of the 
following brief paragraphs in which the actual conditions 


to look for are given 


Dust But_p-UP In Hopp 


Any dust build-up which o the hoppers will 
probably be most serious it 1 upper outside corners 
rhis is also true of any hopper which became plugged 
during the previous period of operation but has subse 
quently been emptied. Always inspect the upper 
corners of these hoppers \ powerful spotlight elimi Fig. 1—Key conditioning inspection points indicated above permit a rapid 
the hopper Caution appraisal of the operating fettle of a precipitator 


nates the need to actually enter th 
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Irames some 


to check 


Consequently t t I vy be corrosion 


here, but it is comparati 


») INSULATOR COMPAR 


Che temperature in insulator con 
than the gas 
tion and 


ipartments is usually 


lower rherefore, condensa 


corrosion unless the compart 


ments are properly 
MAIN SHELI 


Inside the main shell of the precipitator check th 


following spots 
Look for corrosiot n the 
plates along 
Look for 


betweer 


undersides of roof 
le WwW ill 
| dust impaction as well 


and an outside 


piates 


wall 
Look for rrosion in back of external 


uninsulated members which act as 


heat fins 


Phe prevention of co rxccomplished by keep 


Suriaces luc ts ind collectors hot 


Proper external heat 


ing the interior 
it ill 


iccomplish this 


times insulation will 


Special procedures ar etimes required for installa 


tions which operate on r ed 


day It may be 


load during part of the 


desirable ass a portion of the gas 


iround a preheater in order raise the gas temperature 


it low load 


PLUGGING 


MECHANICAI ( BI 


Mech inical 


trical precipitators for 


with ele 
The plug 
at the bottom, inlet 


ilong a outside 


combined 
fi, ly 


installations 


ging of mechanical tubes ccur 


or outlet tube lubes cool 


ll, or on the ec 


most likely candidat 


wler side ur heater gas discharge 


plugging Spot checking 
hould be concentrated on the ireas 


Check the bottoms of s from the hopper doors 
using powerlul spotligl Additional 
len be do 


+} 


checking 
i powerful light in th 
the top 


hopper reflections in 


header and pinners 


HOPPERS 


Look on the hopper grating or in the hopper throat 
or objects such as broker 
te These 


spection 


pieces of gunite, scalk 


items will indicate the need for further in 


F PERFOR DISTRIBUTION PLATES 


these plate not 


operatior iring 


Plugging of usually 


coal 


hi We 


a problem on 
oil firing over 
have 


straight i long 


¢ | 1 
period pilates sometimes 
plugged They can be inspected 


light through tl 


with a powerful spot 


DISCHARGE Et TRO! BRREAKAGI 


located 
powerful light, since the 
wire will drop into the hopper 
weights The upper 


is then removed from the top 


If a discharge electrode breaks. it can be 
from the hopper door wit! 
weight and part of the 
Look for 


mussing portion of a 


broken wire 
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WARPAGE OF INTERNAL ELEMENTS 


have been some cases where collecting plates 
heat Here 
completely 


There 


have become warped because of excessive 


it will probably be necessary to 


though the worst sections can be located quickly Dy 


inspect 


energizing the precipitator and noting which bus sections 


show shorting or sparking. For safety reasons, a 


responsible supervisor must be present whenever a 


precipitator has to be energized during inspection 


S) Hicu TENSION BUSHINGS 


These bushings, which separate hot, moist gases from 
relatively insulator-compartment air, sometimes 
coated with acid and dust on the inside hey 
conductive and crack under high voltage 


These can be inspected and cleaned from the 


cool 
become 
then become 
stresses 
top without entering the treatment zone 
DEPOSITS 


9) CONDITION OF Dust 


Che condition or thickness of dust deposits on interior 
parts is an indication of gas velocity. The gas velocity 
should normally not be over ten feet per second in the 
Highly high 


rhis 1s found 


surfaces indicate 


polished 
detrimental 


pre cipitator 


velocities always when 


inside a precipitator 
CHECK 


Finally 
ilways allow time to close the precipitator properly and 


as a check on the inspection or work done 


energize it with the normal power supply at the maximum 
possible input. The voltage on the transformer primary 
will usually be slightly lower than during gas load opera 
tion. This check will 
whether or not a short still exists before the boiler is put 


however, be an indication as to 


back in service 


Electrical Indicators 


To save additional time you can use the normal ele« 
trical operation of a precipitator to spot faults before an 
Here are nine simple electrical 
common faults. A voltmeter, ammeter 
shown schematically in Fig. 2 of a 
are all that is 


control 


inspection is made 
indicators of 
ind milliammeter 
typical electrical circuit for a precipitator 
they will be found at the 


needed Usually 


switchboard 


TRANSFORMER— 
RECTIFIER 


\ 


PRECIPITATOR 


\ 
\ 


- - “ 
! 
' 
1 
| 


OAM 


—|—_—_——— 


= — 


' 


Fig. 2—The inspection point findings of Fig. 1 combined with the operating 
information the voltmeter, eter and milli eter above can give en- 
ables a rapid check on how much maintenance work is needed 








let us assume that electrical conditions at normal 


Now 
full load for our system are 


V = 300 A = 50 MA 


Ain) 


Exact values for a specific electric precipitator can 


be obtained from the manufacturer 


1. If system drops to one-half load, both gas volume 


and dust concentration will 
then R 
giving 

V 20) \ s) 
load 


then R will increase 


probably drop; 


; decrease 


resistance, see Fig. 2) will 
MA 230 
but load 
giving 


MA 


If system stays constant dust 


increases 


V B50) \ 1) 


If gas temperature increases, then R increases 


Sparking will also tend to increase because of 


higher dust resistivity 


\ 300-350 A 60 MA 


If gas temperature decreas then R decreases 


to give 


\ 2S) \ MA 


210) 


be comes low and 


MA 


5. If hopper fills with dust 
V ISO) \ 5 


the rectifier set will probably 
the 


Under these conditions 


trip off. This will depend upon the setting of pro 


tective overload relays 


UNEXPECTED 
BOILER TUBE 
FAILURES 


STOP 


This instrument for locating and measuring scale in woter wall 
boiler tubes can help you to attain a higher level of mainte- 


nance while reducing your ovtage costs. It is invaluable in 
locating pitted and eroded tubes prior to their failure, thus 
eliminating costly unscheduled shutdowns. It reads scale 
thickness directly in thousandths of an inch Write today for 
information on the TURNER SCALE THICKNESS INDICATOR 


HASKINS-TURNER COMPANY 
1927 PARKWOOD WAY JACKSON, MICHIGAN 


6. If a discharge electrode breaks, R may become 
zero or it may vary between zero and normal if the 
top piece is left swinging inside the precipitator 
rhis normally produces violent fluctuations of the 
Often, the 
heard outside the precipitator 


If a transformer-rectifier unit shorts 


V {) \ MA {) 


switchbaord meters arcing can be 


1+ 


rhis indicates that no current is passing from the 
rectifier to the 
If a high tension rapper fails, then discharge ele 


precipitator 


trodes build up with dust, and R becomes greater 
since corona discharge is decreased and it re 


quires a larger V to keep current constant 


V 330) \ +0 M \ 


i) 


If a plate rapper fails, sparking tends to in 
It is then necessary to reduce V to keep 


MA constant 


crease 
\ and 
V 265 


200) 


\ WW) MA 


By using these electrical indicators to check for pos 
sible faults while in operation, and inspecting a few key 
pomts ina fly-ash precipitator, you can obtain optimum 
maintenance for the 
time and labor lo be effective 
should be followed consistently and regularly \ 
dictated by the 


obtained through this economical program 


preventive least expenditure ol 


however, this program 
com 


plete inspection may be information 


Humbolt Bay Nuclear Power Unit 


Company's Humboldt Bay 
California's first full 
neral 


Gas & Electric 
Nuclear Unit will be 
electri 


Pacific 
Plant 
itomc 


Power 


scale generating plant when its Ge 


Electric-designed reactor into operation in the 


goes 
summer of 1962 

Ground breaking for the $20.6-million plant, located 
near Eureka, Cali mid-November 
Major construction got under way Jan. 23 
1962 


Started in LO60) 
196] 
will be Phe 
will be PG&E's third generating unit at Eureka 


i Capacity ol 


ind 


plant 


completed ih the spring of 
Two 
gas-oil-fired units now in operation have 
100,000 kilowatts 

Bechtel Corporation, San Francisco, is engineer and 
contractor for the plant 
furnishing the nuclear steam supply 
generator and other related electrical equipment 

The Humboldt Bay Plant Nuclear Unit 
feature an advanced-design, single-cycle boiling water 
reactor rated at 165,000 kilowatts of heat, with an 


initial net electrical output of 50,000 kilowatts 


prime with General Electric 


system, turbine 


Power will 


APED will fabricate and supply 17.3 tons of uranium 
dioxide nuclear fuel to PG&E under a separate contract 
rhe fuel will be tabricated into 8428 stainless steel clad 
rods and assembled into 172 fuel bundles 

addition to its 
will in 


The Humboldt Bay atomic plant, in 
simplified natural circulation reactor system 
corporate two technically advanced features 
and internal 


pressure 


reactor containment steam 


which contribute to compactness of plant 


suppression 
separation 
design and reduced capital and maintenance expenses 
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VISIBILITY 
= UNLIMITED" 





AGROUND: A man-made overcast pouring from this paper mill's stacks could be a 
dangerous navigational hazard to aircraft at an adjacent metropolitan airport. 


ALOFT: Visibility unlimited! No smoke... no hazard... no complaints. . . thanks 
to the pre-determined, guaranteed performance of Koppers Electrostatic 
Precipitators. 


Koppers—a leading manufacturer of gas cleaning equipment for industry- 
*Focts available on request 


ELECTROSTATIC PRECIPITATORS 


Engineered Products Sold with Service © Baltimore 3, Maryland 





For maximum economy 





in preparation of ROM coal-it’s 
PENNSYLVANIA BRADFORD BREAKERS 


Trunnion-mounted 
Roller-mounted 
Hammer-type 


Mine-side or plant-side- no other 
crusher handles the preparation of 
ROM coal as Fm and efhi- 
ciently as a PENNSYLVANIA Brap- 
FORD BREAKER. 

At power plants, coal mines and 
by-product coke plants, these ma- 
chines prepare over 160 million 
tons of coal a year—crushing, siz- 
ing and scavaging all in one con- 
tinuous operation, at capacities up 
to 1500 TPH, and at average main- 
tenance costs as low as $.00] per 
ton and power consumption aver- 
aging .204 KW per ton. 

ROM coal is continuously 
charged at loading end. Passing 
sizes are immediately screened out 
Larger lumps are raised by radial 
lifting shelves and dropped, break- 
ing along natural cleavage planes 
to desired screen size, with mini- 
mum fines. 

Refuse such as bony, sulphur 
balls, slate and rock, resist break- 


age, are automatically discharged 
at the refuse end along with tramp 
iron, timbers, etc. 


ROLLER-MOUNTED 


Roller-mounted Braprorp Break- 
ERS are particularly adapted for 
use at coal mines, as the spider at 
the loading end is designed to per- 
mit loading of extra large lumps 
of coal 


TRUNNION-MOUNTED 


lrunnion-mounting, where the re- 
volving cylinder is suspended on 
trunnions, is the popular type for 
plant-side installations. 


HAMMER-TYPE 

For handling particularly hard 
coals, or for heavier loading, the 
BRADFORD BREAKER is combined 
with a concentrically-mounted ro- 
tor of a hard-hitting PENNSYLVANIA 
HAMMERMILL at the rear end of 
the breaker. 

Whatever the type most suit- 
able for your need, if it’s economy 
and efficiency you want—investi 
gate PENNSYLVANIA BRADFORD 
Breakers. Write for catalogs, or 
call a Pennsylvania Engineer. 


PENNSYLVANIA CRUSHER DIVISION 
Batu [RON W orks CORPORATION 
WEST CHESTER, PENNA. 


BATH-BUILT 
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Fig. 1A wedge of water on top of a bafile 
produced corrosion where the tube is submerged 
and contacts the surface 


The Relation Between 


Fig. 2—A gas bubble underneath the tube sheet 
corroded a groove into the tubes under where 
the bottom of the gas bubble lay 


Fig. 3-—-Where two tubes touch each other a 
wedge of water is held in contact and on sub- 
cooling develops a gas corroded groove 


Boiler 


Cleanliness and Feedwater 


By FRANK URBANE NEATi 


Baltimore Gas and Electric Company 


im secretin treat 
closely 
ving sort of failure of 


forced out 





feedwater are 








wuler 1s 


De a hol ibout the 17¢ 


ely de thus t 


velop 


nmunation, a number 


Qn the other han 


ire quite a fev re the one hole ts repaire 


he bouler icid-cleane returt 1 to service te re 


in service further indication 


trouble And now, when hig sure boilers are being 


week end, certan 


to this trouble 


shutdown 


niigurations of tu ré 1 prom 
Boiler-Water Chemistry and Treatments 


pressures of 400) psig 
feedwater the power 
r-plant had 


consisted of 


chemist 
little t 


witching from one ret t nother in a vain effort to 


boiler difficul ul ile and or corrosion 
} enough to cause over 


or perforated tubes 


where 


he drums and 


he tubes Since it was 


ot corrode in standby 
it was surmised that 


[This was extended to 
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In the author's opinion a practical limit has been 
reached for obtaining corrosion protection for feed- 
water systems containing copper alloys and steel. 
Further reduction can come from eliminating one or the 
other. Since the boiler is perforce made of steel the 
copper, the author feels, becomes the victim of prog- 
ress. Here is the first report on the first American high 

pressure plant to employ an all steel heat exchanger. 


harmful to the 


heaters were 


belief that this dissolved air must be 


iting boiler so the then named “open 


ven the new appellation of ‘‘deaerators 


With the 
ng scale out of the 


idvent of 400 psig came the efforts at keep 


boilers by treatment of the feed 


water Softeners had been used at the lower 
but the 


4 ile 


unnecessa®ry 


pressures 


higher pressures and increased heat input made 


formers most unwelcome Deaerators made it 


to relv on sealed tubes to prevent corrosion 


Boiler-water treatments became the vogue of a variety 


is numerous as those who sold them. Gradually 
through education and grief caused by the disappearance 
of the 
entrusted mostly to reliable and capable consultants and 
Boiler 
corroded boilers are still experienced at all pressures 


there ap 


purveyor of the nostrum, treatment was eventually 


specialists pressures continue to increase and 


Somewhere back in the line of evolution 


peared the brave few (firmly convinced of the nonsense 


of adding solid salts to the boiler without gaining free 


dom from shutdowns disastrous) who formed the 
cult Their 
Pure water couldn't possibly harm the equipment if only 


This dream 


SMITE 


no-treatment philosophy was simple 


kept out of the system 
world shattered by 
idle plants in the care of one of the prime proponents 
Phen 
of 2000 psig and the once-through boilers 
either 


oxygen could be 


was rudely extensive corrosion and 


of such treatment we arrived at boiler pressures 
Joiler salts 
system At 
carned out of the 
there to 


cannot be tolerated in pressures of 


HWM) psig boiler salts are 


ind higher 


boiler to the turbine despite steam washers 


leposit to cause loss of efficiency and capacity Once 


35 





through boilers obviously cannot tolerate solids becaus« 


evaporation in the watertubes would cause deposits 


So to those who initiated the no-solids treatment is added 


most of those who operate at ig, and higher, and 


MUM) ry 
. I 


those who operate, or will once-through boilers 
But 
perioration 


iny one treatment remains equal, or 


peratt 


from boiler corrosion to 


to total boilers under 


there has been no es ip 
Che ratio of failure 
nearly so, under all 
of Questionnaire by 


Movers 


treatments (Preliminary Summary 
Power Station Chemistry 


EEI 


Subcommittee, Prime 


Committee 


Volatile Alkali Treatment of Condensate System 


Another development ot a tew vears | k 
atile alkali treatment of the condensate 


many years 


is the vol 
system For 
1 most unwelcome 
Since much of the 
ind it 


ammonia was component 


of steam and condensate systems 
is made of copper alloy 


that 


condensate cycl is gen 


erally believed unmonia causes stress-corrosion 


cracking of brass, and ammomia will dissolve copper, it 


can be readily understood why ammonia was the one 


substance in addition to oxygen that must be removed 


However, no one knows just how much ammonia its harm 
>) ppm ammoma were not 
Many 


contammng 0.9 ppm ammonia did not have a 


ful. Systems with only 


free of the l 


hazard of cracked condenser tube 
systems 
bad 


brave 


record of condenser-tube cracking Then a tew 


souls firmly convinced that massive erosion of 


turbines was not erosion per but was a phenomenon of 


corrosion, deliberately developed alkaline conditions 


the condensing steam by the Iditior smines and /ot 
Strikingly enough, a_ by 


ilmost perfect protection of the 


iummonia product of the 


turbine found 1 
quite appreciable protection of the | 
parts ot the condensate syste1 

In an effort tu 


, 
ophy 


underst 


] 


tests were tack 


copper illovs generally ire 


unless oxygen is present and the pH lor higher 


In view of this study, there was 1 neral 


ol the fact 


recept ince 


that carbon « icid gases will 


rwoxide al 


| 
cissolve copper illo, whet Kvge! present Recent 





Fig. 4—Faulty venting creates corrosion condi- 
; 
tions such as the above. in this instance vents 


were passing water largely and little gas 


loreign literature indicates that there must be carbon 


‘ 


dioxide present before ammonia will attack copper alloys 


The author is reasonably convinced that a sulfide must 
be present before tubes will crack 

the problem 
still 


Soi 


Despite all the progress in knowledge of 
boiler still 
written in an effort to place the blame on 
feature found in the chemical analysis or micro examina 
tion of the metal P still 


being presented placing the blame on some certain fea 


corrosion exists and papers are being 


certain 
scale and/or the pers are 


boiler-water 


discussed 


the feedwater analysis and/or the 


salient of 


tures ol 


inalysis The most these will be 


Dissolved Oxygen 


bl Lilie d 
other 
i) 


i period about 15 to 2 years ago 


Dissolved oxygen is, perhaps, the most often 


ind has taken the blame for a longer time than any 
There 


feature was 


when the calumny against dissolved oxygen was reall) 


intense Little thought was given to the fact that boilers 
identical whether so 


whether 


corroded in reasonably manner 
sulfite ilkalinity in the 
boiler was high or low or whether sulfite was applied t 
ilone or to the And, in 


dissolved oxygen was blamed despite the 


dium was used or not 


the boiler water feedwater 
many « 


sulfite 


ists 
use of ind reliable analyses showing very low or 


Dissolved-oxygen recorders wert 
when some of them 
relatively high oxygen 
d he fact that som 
itions was convemently forgotter 
Many 


| 


ibout the 


Pero oxygen ilues 
installed and 


short 


showed extreme] 


periods ol values. the ca 


was said to he prove boilers tail 


without any such indi 


in the presentation of the argument state 


were made ane ipers written fact that the 


corrosion was absolutely stopped 


sulfite to 
water 
other systen 
Chese tat 
ompletely neglected another 


f 
sulfite Che boilers 


by idding 


the treatment of the feedwater or bouler cle spite 


the tact that sulfite treatment in many 


failed to prevent boiler corrosion Same 


ments and papers 


t eature 
in the desire to 


praise sodiun 


ilter experiencing the corrosion, were cleaned mechan 


x 


ically or chemically before returning them to Service 


Furthermore, the time between this corrosion occurren 


mI 


j ie ies 


Fig. 6—Debris left behind after acid-cleaning. 
Tubes are left with a fairly heavy coating of 
copper and nickel oxides—a condition known 


- 


Fig. 5-——Special vent design to cure flooding 
after high pressure drop had been cured. Tube 
sheet was drilled to a matching hole from the 
steam side and then this vent structure welded 


as “exfoliation” corrosion 


over the top 
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| 


nuch s than the 
(nother 
corroded boiler 
Dh 


isideration of 


horter 
the corrosion 
these 
iting practice 
im cor 
which corrosion 
iddition « 


failed by 


by the 


since the 
boiler 
Mr. R 
ngineering Experiment 

t he 


the 
by 


xvgen 


nm 
t negated 


Power 
Steam Power 
the American 
Adams 


g ‘‘oxvgen 


\merican 


1 
int 


ittack 
il boilers it is usually 
the 
surmises 


mm 


Ss 
ussin 
ites that 
dA 


it occur ,a 


whe ‘ 
the tl fire 


he drum 
He that 


which undeaerated water 


ilong wate! or in 


| genera 


the 
ntacts hot 


fir 


then 


these are first 


steel befe eration of normal ebulli 


pletely negates the 


tion can occur 
ent that 


with the 


irgu 


dissolv problem in a steaming 


boiler rangely enough, pitting of 
should | 
ha 


occurrence 1! 


the economi 


er bing, whi theoretically 
vulner 


" 


xtr 


feedwater 


mely 


nely never 


i problet 
il boilers 


rare 


Vay 


rhis 
that the 


with that 


statemet with contemplation of the 


ict neration industry can agree 

should 
the f 
that many o 


ill of 


to Satura 


ds all economuzers 


have stopped th xygen argument. Despite uct 


p 
hat flat runs 
that 


very 


economizers 


show ste ind nearly 


show exit ten or close 


temperature ther w economizer failure 


the 
idle | 


water 


blame on dissolvy I KVye 


n 
her condition Pitting 


olely 


oiler 
line a shutdown cor 


ind can | which « 


to 


! i water tank 
I) iL}! ry el 
But 


boule T 


" if 


the 
not self-pe rpetuating 


while vented 


iSOT ib 
te where 
Under this 
part 


ming 
too thick 
no longer 


except 
e 1S 
plays a 
with 
there 
produce a 


produce a 


potential 
because 


to 


perating boiler 


enoug! 


pote tial 


solution 
gnizable 
ht 


the 
but the words 


to mind source 

ct wording 
blame on oxvgen when 

lrogen being produced 


translation 


ill There 


vy will eventually 


repute ire 


boiler corrosion to 


oratiot copper. just becausd 


copper. « 1s completely me 
by the 


If t 


will be copy 


here ie feedwater system 


ere 


CT it 
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There a installations that do not have 


illovs in the 
It 


l icid-cleaned 


ré lew 


feedwater system 
to boiler 


that when a 


including a 


is unreasonabl assur 


without copper removing 
process in the cleaning, copper is not plated out some 
where in the boiler 

! Phe ill 
have experienced plug-type corrosion 

» When 
plates, the copper gasket corrodes to total loss 
If be the 
this corrosion 

i Another that 


tween copper and iron reverses 1n 


foregoing being true such boilers should 


copper gaskets are used on hand-hol 


{) this tenet 1s so, copper cannot cause ol 


reason exists in the potential be 


ilkaline 
With complete belief in these tenets it is stated her 


an medium 


that copper will never corrode an operating boiler unless 
the liquid:within the boiler is an acid in which case cop 


per would not be the principal worry 


Welds and Weld Backing Rings 
4 
Welds 


lavofr 
to be 


ind weld backing are rapidly losing 
Actually, they 
the argument 
is created which promotes cle 
In all cases that have 


a much better argument 


rings 


is a cause of this corrosion ire not 


belittled However, I believe most 


used, that a turbulence 
is the 


to the 


position argument 


wrong 


come iuthor’s attention 


exists that where welds may be associated with this cor 


rosion it can be imagined that reasons for a slightly in 


creased heat input existed there thus to promote more 


position 


r ipid dey 


Phus when conditions are right for this 
it that the 
tion will occur just downstream of the center line 
But 


where 


corrosion to occur may well be first perfora 


of the 
ol 
there 


welds in the 
the 
many occurrences of this corrosion absolutely 


weld there are far too many Zoom 


failure no trouble exists at weld and 


ire lar tox 
divorced trom 


te 


weld sites in the affected area for too much 
to if backing 
should be fitted very carefully 


ittention be given welds. Even so 


used they 


What are The Causes of Corrosion? 


If we now have three conditions which are not cause 


then 
two causes each of 


of this corrosion but are merely coincident, what 
the « Actually, thers 


which requires certain conditions to exist 


ire iuises* are 
First we have 
Where heat 
such that 
wet and 


Phis the 


impingement 


what 1s generally termed 
transfer to the 


steam binding 


water exists and conditions are 


steam may agglomerate ilternate 


to 


iction as 18 found in some 


so to permit 
conditions results 
of 


problems wherein a wet steam at a temperature different 


dry exist, corrosion 1S 


same sort 
than that of the metal against which it impinges causes 
The 
is cured by either reducing the heat input or 


the 


in erosion pattern or a pitting pattern to develop 
condition 
changing tube or tubes 
iffected 

\ parti ularly 


found 


mass-flow rate through the 


of this be 


lurnaces 


lancy sort corrosion 
The 


steam bubbles groove the 


may 


in cevclon ippearance 1 


ilmost 


is } 


is though microscopic 


tube just ivdrogen bubbles will groove a lead lining in 
id tanh As the 
pitting pattern develops along the line of these grooves 
eventually to widen out through the 
Heat input 1s definitely a factor since it follows along the 
line Whatever 1 


the « lack of heavy 


i sulfuric-a condition progresses, a 


ind corrode tube 


or lines of lugs welded to the tubes 


it 1s characterized by the scale 


1uSe 
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his sort of corrosion innot be alleviated by any 


ol pH control 


sort 


Phe second type ol boiler corrosion occurs only in 
dirty Whenever the scale 
thick enough 


boiler ind ‘or deposits be 


come corrosion will occur Che required 


thickness probably depends upon the rate of heat in 


put, the density of the scale and the 
of the Whether or not « 


Phe re 1s 


water permeability 


scale 1st ) itactori1sa 
mount of so 


the 


in boilers 


moot que stion ilw ivS a Mal i 


zero-solids boiler However 


Phe corrosion 


from zero solids to high-solid f t 


dium hydroxide in any 


irgument 1s not in order occur 
when 


In the 


Lin) psig 


ind only 
the scale or deposit thickne enough 
iuthor’s own plants corrosion has occurred in a 
boiler when the layered magnetic oxide 
thick but not 


prevented it by 


ind copper was 


0.022 in it 0.016in. In our 900-psi boilers 


we have icid-cleaning at O.00S in 


measured by the Purner yugt It boiler 


corrosion occurred it i x ile thickme ) t In 
over 0) Wi4 
that 


ilculated fron 


11")-psig boilers it occurred at something 


in Phe Dowell people at one time stated no cor 


showed less that 
content of the drained 1 | k to the total 
heat-transfer surface 


roc ad boiler 
the iron 


Boiler Deposits 


the boiler 


material brought in 


For most part, the deposits in a consist of 


feedwater There have 
been several efforts at explanation of the mechanism of 
the deposition Kehmna of 
and Electric ited that hard to 
deposits depended upon the ratio of copper to iron dis 
in the feedwater 
terpreted by Mrs. Berk 
Mines, indicate 


the concentration 


with the 


Johnson and Pacific Gas 


Company indi soft 


solved Several Russian papers in 
Mr. A. A. Berk of the 
that deposition depends upon 
rate of heat the 

neither 
the cde 


sure way of lengthening the 


wile ol 
sureau ol 
ind input, tre 
that 


mechanism of 


iting 
ind iron separately and 
affects the Whatever the 


it appears that one 


copper indicating 
other 
position 
i boiler is to limit the amount of 


service life of copper 


andor iron brought in with the feedwater 
Feedwater Cycle 


find 
work 


Purning our feedwater cycle we 
that here 
Mr ind 
study of this Field Stud Preboiler lon in 
High-Pressure Steam Plant H. A. Grabowski, H. D 
ind W. B. Willsey, Proceedings of the 
Power Conference, Vol. IS to illustrate 


inious heat-cvcle 


ittention to the 


and here alone, oxygen gets in its dirty 


(Grabowski his co-workers made an excellent 


( orro 


\merican 
the effect 
irrangements 


mntributions of 


Ongman 
1 
of dissolved 
the 
was the description of precautions that must be taken in 


gyuses im \ 


One of most valuable c this paper 


order that samples from the feedwater system may be 
considered represent itive 

Another 
which is still not recognized by 
the 
little value in corrosion control 
The high 


due t 


valuable contributio the importance of 


power-plant people 


was demonstration that 1 measurements alone 


have where high-purity 


pH 


] | 


lissolved 
itedly 


still ignored by many 


waters are concerned found im many 


his 


proved by 


high-purity waters is metals 


point has been mentioned repe ind 


authors but it is 
Phen 
faith on 


many power 
plant chemists 


their 


too, many power-plant chemists 


place simultaneous measurements of pH 


38 


ind conductivity not realizing that the OH 1o0n 1n ferrous 
has the conductivity as the OH ton u 


ittempts 


hydroxide 


Sainie 


their corrosion-prevention 


Heat-exchangers 


Way 
covered 
heat 


back in the history of heat transfer, 1t was di 


that 
Phe n 


necessary ior use 


mductor of 
strength 
\s tempera 


copper 1S a rather excellent « 


brasses were made to provide the 


it higher temperatures 
tures and pressures increased the copper-nickel alloys 
ind the 70-30 alloy be« 
Monel ind the 


ilso brought 


were brought into service ume very 


popular in power plants Inconel stall 


less steels wert into use as corrosion or 


temperature problems Pressures continued to 


the 


irToOse 


increase and jump was made by several to super 


critical pressures Then we began hearing about two 


rather expensive traits of the popular copper alloys 
But 
had 


densates with 


prior to the noise aroused by these two traits, we 


ilso commenced the ilkalizing our con 
volatile 


were 


practice ol 
ilkalies 


used rather extensively, ammonia 
| 


ind 


Morpholine and cyclo 


hexvlamuine was 


used by a few some depended upon hydrazine and 


derived from the breakdown of hydrazine 
ilkalinity 


paper, the 


imimonia 


for this control. As stated previously in this 


initiation of such practice in this country was 


instigated by a desir 


tect 


ind its accomplishment, to pro 
drast this 


turbines fron 


ittention 


erosiol Ones was 
feedwater 
illoys 
iated by this higher pH in the condensates 
that there i limit to the pr 


be ifforded to 


accomplished was directed to the 
and it was found that corrosion of the 
ilso alley 
But it 


tection 


evele copper 
was 
was 

that 
\n increase of pH to 
limit is 8.6 


sible protection to the coy 
" 


ilso found was 
could 
iround 9.1 (in m 
has been found to provide the maximum pos 
1 higher pH 
at the steel parts are further protected 
illoys 

desired \ 


such iS ctadecylamine 


yper alloys but at 

ilue it 1s found t 
The 
still 


imines 


protection of the copper it the optimum pH 
the waxy 
that litth 


the copper alloys though the steel 


leaves much to be turn t 


] 
indicates 
protection 1s offered t 


parts are offered some protectior 


Evaporator Problems 
] 


With 


to more pre ssing matters 


settled directer 


As newer units at higher pres 


these matters ittention was 


sures were put into ser\ older units (formerly base 


loaded high pressure units) became peaking units and 


week end In 


4, 
x 


were shutdown nightly or at least every 


only a few short months, we began to lose our 


pressure stage heaters \ll along we had been losing 


our low-pressure heaters which were largely tubed wit! 


admuralty metal. Some us who had evaporators right 


where the 


than our share 


middle of t heat cvcle 
treated, lost 


} 


neaters te SOM 


in the especially 
ey iporators were not 
but all of us lost the 


Causes 


more 
low-pressure extent 


were rious and we might 


High pressure drops through the ste 
interesting situations 

Fig. | 
baffle 
comes higher in gas 
the tubs 
water a groove 


Some 
shows where a wedge of water was he 


ooled 


resultant cor 


of a This wedge of water is subx ind be 


content There is 


is submerged and at the surtace 


rosion where 
of the froms in the 
pressure drop was relieved is another story 


How this high 


tube 
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gy. 2 shows the « 
bubbk 


existed 


underm 
under 


merged in gas there 


bubble vl (Ve 


1 of the gas 


shows gas 
had two tubes 
i wedge ol 


happens 


water is subcook 


ve levelops to perfe 


is a condition 


ns In this « 


largely water and ve 
eccurs at points 


perioration erie! 


1S €XI 


Fig. 5 shows one 
course, the high 
re this vent 


' ate 
illed to a matching 


emit structure was wt 
effective but 


sion of the 


was brought 
down for 


the 


shows 


W hile 
ictually are 
nickel 


opper and 
ect has been ter 


of the ippearance 


g effort A ve 
which peels away fro 
leave = f 
ition Phe 
holes through 


jacent to a baffle whe 


tube like 


the 
exfoli tul 
usually 

result of absorbtion of 


/- 
these 


points. It is 
shutdown, and before 
source of ste 
kept it 

reasonable protection 
logical to 
not troublesome 
blanket affo 


mmona and other 


occurs 


ict ind 


issume tha 
were 


steam 


produces the co 


oncomutant condition 
ith 


} 
; 


t baffl W here 


corre 
touching eacl 
water 1s held at 


l ind 


which is a 
This same con 
the 


corrosion but at 


heet 

was 
the 
the 


tube 


was corroded into 


He re 


tim 


inother sort we 
Every 


the 


this 
The 
This 


ther 
contact 
enr | in gas content 
ratior 
th elops in certain venting 
nts were found to be 
Most of the 
the 


p iSSINE 
COTTOSI01 


vent and 


Irom 
ure flooded condition 
had 
Phe 
steam sick 
of the hole 


toward relieving the 


first 


tube sheet wa 


been cure 


then this 


It 1s not 


iters 1s another 


iwh the necessity 
n attempt at acid- 
ir to be 
thick 


particular corrosion ef 


cl if} 


tively coating o 


corrosion by reaso1 


ices prior to any clean 


lherent scale 1s formed 


in flakes 


tree 


ind sheds from 
Hence the 
wasted 
sheet <« 


term 
rapidly ind 
the tube rr ad 
ion 1s more rapid as a 
he meniscus of water at 
that if, at 
f air into the 
the 
pressure quite 
hus it 1s 
these high-pressure heaters 


ind a 


established 
systen 
upplied to steam 
=) her 
to the tubes 
nuous operation 
ur added to 
the ste 


protection 


present im 


Susceptibility of 70-30 Copper-Nickel to Corrosion 


Experiments relate 

Horse Institute 

pper nickel ts 
It 

| 7 


(posed 1n 


Sea 


but 


pa ist 
shutdowt 
on the 


Che susceptibility 


Suriact 


high-purity wate 
Wo ] yy the 


Oil Cor 


rosion 


npany ym 


Americar 
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rs l Dee! exposed 
Research 
Svmposiu! 


socrery 


Power Sessions of the 
ite that 70-3 
to this sort of cor 
these 
unaffected in 
in the liquid phase 
their 


mcd 
that specimens 
were 

- 


ipes in entirety 


because of condensa 
iown 

per nickel to corrosion 
previous) 
the Continental 
Water Cor 


Effect 


nt of 
High Purity 
sting Materials: 


1961 


of Material Composition in High Temperature Water 


L orrosion 


\. H. Roebuck) showed a very high rate ol 


corrosion of 70-30 copper nickel in degassed dynam 
onditions All other including steel 
i very low rate of corrosion in comparison \s a matter 
taken at the Sea Horse 


penetration in 


metals showed 


i comparison, notes meeting 


showed ing sq cm/mo 


just mentioned 


is follows 


70-30 Copper nickel 
Copper 

nH) 10 copper nickel 
Constantan 

S0-20 copper nickel 
Nickel 

Monel 


data i completely sub 


exfoliation 


to these there is 
report ol failure 


private commumication) on the Lakes 


Contrary 
stantiated of S0-20 copper 
nickel at a utility 

While the power industry has been having this troubl 
there has been under its nose all the time a 
In the fact that in the 


highest temperature heater economizer, all steam 


with brass 
matter of quandary view of 
the 
containing shells and all piping are of steel, no one speaks 
the this material 


long ago when it was: found that turbin« 


of trouble on water or steam side of 
Furthermore 
steel could be protected with volatile alkalies something 
should have started wheels rolling. But no major step 
was taken until the Philo, Ohio 
reported copper in the turbine to the extent of a forced 
pressures Prior 


ASTM paper 
desuperheating 


supercritical plant at 


shutdown because of thrust-bearing 
to this, in a paper by the present author 
95-5-38 unpublished) in speaking of 
water stated, ‘If the desuperheating water contains any 
copper or iron, and most power plant condensates con 
tain a little bit of both, the copper and possibly the iron 
will stick in the turbine to 


eventually plug it and force a shutdown 


high pressure stages of a 


Steel Tubes for Stage Heaters 


While all this was happening, the company with which 
1uthor 1s associated was planning a once-through 
In looking over all the 


the 
senson-type boiler installation 
troubles with copper alloys and reflecting on experience 
with steel, the author suggested that there be no copper 
illoys in this design As far the heaters ar¢ 
concerned the request was granted. However, the design 
of the maim unit condenser and the foundations for the 
turbine were so well along that aluminum brass was 
iccepted as the tube material for this condenser, except 
that all the and in the 
erosion ireas will be Phe 
iuthor had suggested a the 
ind aluminum brass on the since 
variably ye 
industry heat 
that consideration of 
short Phe the 
condenser will be rather well protected from copper 
effects by reason of full stream filtration and demineral 


us Stage 


tubes in air-removal section 


type 520 stainless steel 


bimetallic tube, steel on 


steam sick water side 
the 
little is known 
transfer rates through such 


lived 


of cooling water is brackish 


in the 


source 
power about 
1 tube 
tube system alter 


such a was 


ization of the condensate 
Why Steel? 
Now let 


ill steel system 


reasons ior se le« tion 


is the 


us examine some of the 


First, of course considera 


ol an 
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COMPARISON OF TERMINAL TEMPERATURE DIF FERENCE 
30 COPPER NICKEL TUBES VS MILD STEEL TUBES AT 435°F 


; ; ‘ 


+ ; + ; ; ; 
70-30 COPPER NICKEL 
> . + 


S +s & 


rOMILD STEEL, TUBES 


++ ‘ ‘ ee 


. 2S ee 
_ > . > > > > 
>. 


TERMINAL TEMPERATURE DIFFERENCE, *F 





__2 © * © @ & 


Fig. 7—Comparison plot of copper nickel tubes for heat transfer as against 
steel. First of the copper-nicke!l plots was stopped and a film removed 
from the water side after some months of operation. Second curve shows 


heat transfer improved 


so much of a 1 plant is built of steel 
Then 


boiler itself 


that 


tron ! 
Particularly is this s« com 
to the king of the heat \ ms, the 
We hear of rate 
in the 
template 


is hig! 5 2 ) per sq It per hr 
Then we con 
that a pH of 


to keep 


furnace regiot these boulers 


that all 
round 11.0) in the 


lor yp we had believe 


boiler water was necessary 


clean surfaces on the water sice Some of us were so 


hick 


was 


bound in this idea that when the no-treatment cult 


that there must be enough 


high pH must 


insisted 
the ystem that 
i th it 


formed we 


sodium leakage into 


exist Finally, we iccepted the ice i boiler would 


yperate at a low pH and, in view of the success of some 
boilers it might even be 


realized that crud had a lot to do with it 


of thes preferable This was 


before we 

We had other experience to fall back on also During 

the last forced to take steel tubes 

in place of copper-nickel in our heaters. I1 
ill the 


ised bec iuis¢ 


war, many of us were 


high-st ig 
of the heaters 


iccordance with textbooks the size 


had to be teel 1s not a good conductor 


ind operated them 


incre 
Wi iccepte 1 these 

ssible As soon as 
| nickel were avail ese heaters were re 
these 


tests 


placed nm our own . \ l | made tests on 
Some of the 
howed still 


1 today 1 S} ft th sts id in spite of the 


eater is to then 


such excellen 1 th the iren't be 
heve 
tact 
them 


that we co : g wrong with 
t laced 


when they were disassembled ‘ 1 e} 


copper nickel because something not 


h seTvice inl a Poy 


with 
used in suc 

\bout 2 vears ago 
nickel high 
nickel sized 


though on 


pressure he 
rvice 
retubed 
we bought nickel tor 


Both bundles iccordance 


with copper-nickel specificat 


the other 


for gage they are exactly 


Fig 7 should be quite int 


tests made starting at the 


heater Che 
top line is one month older th 


coppe r-rin kel 


40 


Service Tests 


There is an mteresting matter found u hange 
of the slope of the top curve sht make one ob 
servation the proof of which is lacking as far as we are 
i film 
of copper that may be found on the water side of copper 
This film ts nonadherent to such an ex 


concerned. Many of our fnends have spoken of 
nickel tubes 
tent that it can be removed by inserting your finger into 
In some cases, a long spiral ol copper can be 
pulled out In others the copper crumbles and looks 
much like shredded This 
went bad so quickly that we opened up the water side 
could 
It im 
curve has 


this film is no longer 


the tube 


barn-cured tobacco heater 


found this film and removed as much of it as we 
You can see what happened to the heat transfer 

proved considerably ind the slope of the 
indicate tthat 


that this film forms only in 


changed his may 


forming We could assume 
brand new tubes but we haven't looked for it so we really 
don't know why this slope changed 

lower curve for the 
that the 
differences but to be 


The most is the 
Stee ] 


show teiminal temperature 


interesting curve 


tubes Now we should mention curves 


con 
pletely honest, the copper-nickel isn't as bad as this curve 
The water going to the copper-nickel 
than that 
in both heaters is 


might indicate 


heater is some 5 to 7 F cooler going to the 


steel heater Che steam temperature 
For instance the average for the copper-nickel 


ind that for the 


the sare 
heater was 450 
calculated 


Early 


| steel heater was 
from the readings made at the test periods 


in the tests, this fact was noticed so for our own 


information we calculated another factor which we called 


the ‘‘effectiveness’’ which is the temperature rise of the 


water divided by the temperature rise plus the terminal 
temperature difference Che steel heater still comes out 
ithead At the start the effectiveness factor for steel 
1.942 er-nickel 0.925 At the last test 


steel heater is still higher than the be 


was ind tor copy 
the factor for the 
ginning factor for the copper-nickel heater. Factor for 
the steel heater s ft ) ( or the 


heater 1t was 0.841 


copper-nickel 


rABI 


‘‘Clean Bill of Health’’ for Steel Heater 


Now we have anot! f oO » consider \s we Cal 


see from these chart decreasing 1n 
} 


nave 


th heaters are 


fectiveness and t some future date they will 


be cleaned steel heater can be readily cleaned 


lace The yper-mickel he innot The 


with hydro 


| 
heater <« I t lily and quickly 


chloric or citric acid The copper nickel heater can 


nnot 


be chemically cleans 


i further factor to consider and that 1s what 


on and which heater 
’ 


Chere 1s 


going will have the shortest 


We know 


It is experien 


what lappening to the copper-nickel 
corrosion and its 


What 


disasse mble d 


exfohati 
life is probably limited to ibout 
he steel heater We 


know » we 
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Fig. 8—Steel heater of Fig. 7 had its innards examined after dissembly 
Tubes were smooth with thin, tenacious black oxide coating 


—-— » 
Fig. 9—Main impingement baffle shows no problems in that area 


stand why a steel heater must have a larger surface than 


it We were all read wit ras and lights to phe to one oft copper-ni kel Neglecting film coeflicients, the 


graph any difficulties I re were no difficulties but we heat-transfer rate of steel is 26 and for copper-nickel 
took a couple of pictures to 1 ide in this paper i Che ratio holds for temperatures higher than those 
Fig. S is a view of tl normally troublesome area it which these published values were found. The dif 
The tubes are absolut ootn and a very tenacious ference required by design handbooks must, therefore 
ery thin black oxide 1 1 ig is a view of the be derived from some sort of “‘dirtiness”’ factor Our 
iothing wrong here tests show that for at least 21 months this dirtiness fac 

where some drain tor does not exist even under not too desirable condition 

idmitted [ is 1 hing wrong here either Furthermore, as pointed out previously, a steel heater 
matter of fact we four little bit of red rust where can be cleaned in place \ccording to present knowl 
tubes were in a puddle of water in an internal ’ 1 copper-nickel heater must be disasse mbled and 
built into th shel I maintenance peopl manually cleaned even when acid has been used to knock 

d that there should |] e been a drain there and ff the worst or it to the rest of the economi 

me now lable I taken from the proposals for our new Charles P 

is one more factor t Both of these heater ne Station speaks for itself 
ire shutdown almost } savings would have been greater i the desigt 


he week ends Chey are hadn't been so far along before we asked for steel tube 
ompletely protecte h a hand-applied steat We brought steel tubes for this job and the next unit 
nket know1 ) no ul enectn In the case « t this station will also have steel-tubed heaters The 
particular shi wri t re i course, no steal ivings would have been still higher 1 the teel heater 
t applied but th is! d rust excepting only were the same area as the copper-nickel heater 
shows 01 I WMpings nt baffles Certain! 
bother to look 


ld Since the 


we have sent out 
quite i lew 
ice these heater 
rstand why this 


pecially 


um this 
steel heater 1s lower thar ! in the drips from the 
pper-nickel heater wh peration or at startup 


fter a shutdow1 
Economics 


Fig. 10—A second impingement beffie in the same heater records no 
difficulties 
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offer 
ind steel i 


\s the final argument in our use of steel tubes we 
illovs 
protected from 
only 


that piping 


that as long as there are both copper 


the system, neither can be corrosion as 


completely as would be the case 1 one were con 


idered hus since it is necessary pump 


Discussion 
by V. J. CALISE 


Graver Water Conditioning Co. 


Boiler 
tmaypor 


The Relation Between 
Frank I Neat as 


sence of design of 


We regard this 


ind Feedwater’’ by 


paper 
Cleanlines 
gn high 
this Balti 
Station plant 
Public Serv 
ind now the 
Italy 


ind 


contnbution to the art and 
central Since 


Ele« tru 


tation power pl ints 
Charles P. Crane 


pressure 
more (sas & 
design decision was made, we understand 

Electric & Gas Co. at 
volta Co. at I 
teel 


heaters In the case 


sewaren Edison 


Spezia Station will use mild 


tube heat exchang high pressure 


without using a 


tnain deaerator, oxyget condensate will 


Sulka-Floc fil ! thead of the 


be effected after the 


nuxed bed by ton exchange 

desigt 
steel 
illoy 


condenser yas 


here is great oduced by the 


steel 


smphificatio 


ind use of tubed stage iters including 


jacketed 


main tubes with stainl 


copper tube in condenser or copper 


teel tube im the 
itment 


evacuating section), plus hydrazin mmonma tre 


with small 
scavenging neo ced Furthermore, the 


x 


amounts of phosph mn cases where cor 


f with these 
fully cope with 
ible for the first 
url ! ! rm of heat ex 
clwater I I I quip! 1 ind selection 


gh-pressurt 


which the 


the following 


nketing 
hutdown to ave intrusion into the cycle 
1) Ind onditions ' ibove the steel 
tubes do penalized”’ in the 
high fouling factor 


nstalled thar 


heat exchange evaluatio 


tube heat « hat st less 


} Steel 


ctors of long tern 


life of steel vs. copper tubs itter of how to best 


ship new steel tube heat changer ivoid extensive 


corrosion before Startul 
n startup It would be rest hea ; 
thoughts on these addits 
the past 


conviction that for too lor i ] ntral 


(iver lew vears pressil 


ig 
Station 


chemist and engineer has focu ! me makeup 


purity while overlooking reater source of 


solids contamination tre 


42 


heater shells and the boil iade of steel why 


illovs so to defeat our efforts at 


we sé copper 


rosion prevention thus to prevent keeping our boilers 


clean, thus to prevent the entrance of excess crud into 


our boilers where it can cause so much difficulty 


ind internal cycle corrosion which cannot be adequately 


dealt 


ing 


with except by condensate or feedwater scaveng 


filtration becoming 


ind demineralization It is 
that i 


making in 


increasingly evident giant step’ of simplifi 


cation is in the which the combination of 

use of steel tube heat exchangers in place of copper 
llovs 
ti y 


erator 


with deaeration at the condenser and main de 


ind (2) a “‘simplified’’ zero solids treatment 


using ammoma and/or hydrazine for protection of steel 


surfaces against corrosion and (3) an economical high 


scavenging plant combining prefiltra 


mixed bed demineralization 


condensate 
tion followed by high rate 
hotwell to remove all impurities from all 
’ 


conag 


working at the 


or part of the nsate ind teedwater in the cycle 


will present a more universally accepted ‘‘norm 


design than any hitherto presented to the industry 

rhe difference between a makeup purity of 0.2/ 
of 0.5 
paper 
than 
can occur alter a 


ind one represents, in the example 1 


Neat 
the cvcle 


ppm 


less of a difference in solids introduced into 


would a very minor condenser leak as 


short time of operation and which 


represents substantially more olids introduced int 


the cycle in pounds year 
The 
tion in Condensate Scavenging 


Pittsburgh Water Conference 


Place of External Regenera 
which was 


this ve 


In a paper entitled 


pre serite d 
it the 


shown costs for a high rate condensat« 


how 


system have been brought down from about $2 


25 per kilowatt for equipment costs to about 5 


79 cents per kilowatt by use of external regenerati 


systems and high rate filter and mixed bed demineralizer 


This 


res¢ 


design has been possible i! 1st a few short 


ind developmen if 


fact that the 


med in 195S at a 


vears by irch this field 


best shown by the 
Ne s desig 
S$. kale with in-] rege! 

ft in mixed 
California | 


Sout he rr 


lin early 1960 with extert 


11-40) gpm sq it 
itely jo cents pe, 
this breakthroug 
ivenging 


nsate sc 


ned external regenerati 


rate mixed bed demineralizing 


cry mmportant part 
Gas & Electric ¢ 


will play, a 
Neat Baltimore 


be complimented not 


ind the 


nly for bringing us their facts 


their conclusions in the form of this fine p 


1deas and 


presenting data which can be enerally ipplicable 
ntral station plants, but als 
by 


tf their convictions by 


many high-pressure ce 
showing the courage 
ney on the line and actually 


gers with 


steel 


using 
zero solids treatment 
boiler cycle i brackish coo 
lequate pr 
within the cvcle 
results of operati 


station 
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By JAMES W. WILLIAMS? 


Yarnall-Waring Company 


Obtaining accurate drum-level indication in high- 
pressure steam generators requires the use of instru- 
ments to replace the gage glass and *o compensate 
for the water-level variation due to differences in 
density of the hot water in the drum and the water in 
the gage. The effect of sudden and appreciable 
pressure drops on the reference level in the condens- 
ing chamber is described and the remote water-level 


indicator readings which result are reviewed. 


Methods of Obtaining Accurate 
Boiler Water Level Indication™ 


between the water level in the 
gag the drum of 
a modern high-pressure steam generator has been 

With the use of higher 
these differences have 
ASME vd use 1155 
instruments for 


HE DISCREPANCY 


glass and actual water level in 


rave 


well recognized higher and 


become matters 


boiler pressures 


great concern pernutting 


substitution of remote-le iting 


i gage gl iss h is opened h wa to more reliable con 


tinuous tracking of the drum water level, free from gage 


nance problems hese instruments permit cor 


luce readings which cor 
level in the drum 


towa higher operating pressures 


of imdication 
ond closely with the 


res] 
| trend 
ind the 


he prese¢ nt 


use of relatively ll steam drums with water 


sufficient for is 30 sec of unit operation 


torage 


require more accurate information Low 


j and 


lrum levels water 


High 


reducing the efficiency 


reduce the quanti of stored 


therefore narrow the margi i ifety water 


promote carry 
Under these 


drying and scrubbing uipment 


nditions certain constituet ilica for example, pass 


the drum in vaporize ind plate out in the 
irried by the steam 


thermal 


Furthermore 


ius¢ damage t tubes by 


Methods used t drum-level informa 


tion must provide for iation of water and steam 


densities with chang« perature and pressure 


in density f change in temperaturs 


perties of w follow definite tem 


rela 
either 


perature-pressure-density with a natural 


hip to each other hi rmits the use of 


wr both of the iriable ( ( he required correction 


of indication Fig 


iliar pressure-density 


relationship in steam gen 


Gage Glasses in High-Pressure Steam Generators 


There is a varying and considerable difference in the 


at the W y November 
ecember 2 he rica M al Engineers a 
er > H0-WA-74 


+ Manager of Research 
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temperature of the water in the boiler drum and the 
water in the gage glass mounted adjacent to the drum 
rhe differences produce level 
differences With low operating pressures these caused 
few problems and, through the years, the gage glass 


standard of boiler-water reference. How 


resulting water-density 


has been the 
ever, the problems created by adhering to this standard 
in the operation of high-pressure boilers have led to 
numerous studies of gage glass-drum level differences 
These studies have concluded that short gage glasses 
with flanged connections having an uninsulated steam 


connection sloped toward the gage provide minimum 


level differences. Older designs using top and bottom 


connecting nipples with sloped return lines cause ob 


iectionable level differences which may even exceed 


25 per cent of the gage-glass length hese conditions 


ire representative of gages in general, regardless of 
It 1s also apparent that the design of the 
iffect the 
The sf 


with indicators to the same degree 


manulacture 


accuracy of gage ‘‘read 


enter the 


rage installation can 


s 


ings’ considerably variations do not 


picture therefore 
closer duplication of drum water levels may be realized 
mounting the gage with the 
line of gage visibility on the same level as the normal 


water level line in the drum has been followed in a number 


rhe practice of center 





100, 


DENSITY, % OF 70 WATER 











500 2000 35000 


PRESSURE, PSIG 


2500 


Fig. 1—Density vs. pressure of saturated woter and steam 





CENTERLINE ALIGNED WITH ORUM NORMAL 


GAGE VISIBILITY SELECTED & INSTALLED TO OBTAIN 
CORRESPONDENCE WITH ORUM LEVELS 


Fig. 2—Relationship between gage readings and drum levels at operating pressures 


) 


of installations As shown in Fig. 2(a results in 
cold As 
differ 


will be 


this 


gage-drum agreement when the boiler is 


boiler pressure increases, gage and drum-level 


ences increase Unless recognized, the boiler 


operated with a drum level several inches higher than 
best practice suggests 

lo improve the agreement, the gage is frequently 
lowered so that its mid-poimt under operating conditions 


level 


correspondence of low 


This doe s not 
gage 
with low drum levels or high gage levels with high drum 


will agree with the normal drum 


however improve levels 
levels 

To obt iin 
drum under operating conditions, the length of the visible 


igreement at all points between gage and 
portion of the gage is established by comparing the esti 
ind the water in the 
the drum 


mated density of the gage water 


gage return lines with the density of water 
the visible space 
range rhe 


it low level with 


If, for example, this ratio is SO per cent 


would be SO per cent of the drum-level 


gage is then mounted to give agreement 


the drum. Fig. 2(b) shows this. It will provide gage 
ind drum-level readings which correspond at all points 
with the boiler at operating pressure 

Water gages do not require an outside power source 
for their operation but do need power to enable the ob 
to locate the 


lorm ol 


server level in the glass his involves a 


gage illuminator with a mirror system or T\ 


camera to project the water level in the e to the 


floor With 


prevent observation of the 


Rag 
pow r 
level in the 


erating this equipment, a failure 


would water 
control rootin 
sudden drasti« 


affected seriously by a 


drop in boiler pressur Phe 


Gages can be 
average temperature of the 


gage glass water is kept as close to saturation as 


pos 


sible in order to gage-drum differences The 


heat 
sufficient 


narrow 


stored in the relatively heavy body can be 


gage 
glass with 
Observation of the 


to initiate flashing in the a sudden 
and appreciable drop in pressure 
glass during this period reveals the rapid formation of 
steam bubbles, with the water level rising a considerable 
distance in the glass. The meniscus may be completely 
obliterated and the 


may 


usual red and contrast in 
be lost 


thermal equilibrium, the gage 


green 
bicolor gages Upon re-establishment of 


will of course continue 


to indicate the water level. 


Remote Indicators 


In recent years instruments of the self-powered 
manometric type have been used for water-level indica 


1155. The 


with these remote indicators has shown that 


tion im accordance with Case operating 


experience 


1 service continuity superior to that of gages may be 


inticipated 


1 


In a typ il Case 1155 installation of a water-level 


NDICATOR RANGE 


1000 1500 
BOILER PRESSURE 


Fig. 4—indication based on a reference column temperature determined by 
ambient conditions 


- 


Fig. 3—Typical Case 1155 installation of water level indicator and gage 
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REFERENCE COLUMN OVERFLOW LEVEE. 





INDICATOR RANGE 
IN TERMS OF 70% WATER 


femPenaTURE 





COMPENSATED 

Dens) OF TE Mee towuam (THE CORRECTION) 
a "7 ——— aa 
500 1000 1500 2000 2500 3000 


PRESSURE PSIG 





COLUMN DENSITY 
awaitnt 


BOILER PRESSURE, PSIG 


Fig. 5—Iindication based on a steam heated column . 6—Effect of temperature compensation of reference column water 


indicator, shown in Fig cierence level is formed by between two columns of equal density. This provides 
condensing steam I | chamber of the overflow i more stable zero reference line which is not influenced 
type located above the higl point to be measured by change in system pressurt However, again it alone 
\ second connection is made into the lower portion of the cannot correct the errors in indication resulting from 
drum The instrument nds to the difference in density changes in the drum water with change in boiler 
the weight of these two colum: level in the drum _pressurt 

rises and falls his change in water level 

by pointer movement over tl mote instrument dial parison of drum water levels at high, normal and low 


is indicated Fig. 5 (steam heated reference column) shows a com 


Che temperature of the reference column may be main with corresponding indicator readings at a number of 
tained at an average temperature determined by (a pressures: The indicator has been calibrated to produce 


the ambient temperature « 1e area in which the colum: wccurate drum-level readings by referring to steam and 
is located, (6) a steam bath which heats the water in the water densities at an 1SOO psi operating pressure 
reference column to a temperature close to saturation With low drum levels, the indicator is responding 
c) the heat radiated fro n adjacent pipe to provide’ to a differential between reference column heated to sat 
in average reference-column temperature approximately uration and a variable column which is now filled with 
midway between ambient a1 ituration. Each of steam. Below the calibration pressure the density of 
these columns has been u by suppliers of water reference column gradually increases while density of 
level-indicating equipment ich will be reviewed to the variable column of steam gradually decreases Phis 
determine the character he calibration reference it combined density change produces the low instrument 
s and the effect of a sudden pressure drop on the pointer positions shown on the graph Above the cali 
water in the reference colum: bration pressure, re ference head density decreases while 
f a reference column, of the design which permits the steam density increases. This reduced differential 
nce head temperatu o be determined by the results in indicator readings higher than actual levels 
umbient temperature, is cont | to a simple mano rhe steam-temperature reference column eliminates 
metric instrument calibrate o a drum water-level the influence of broad changes in ambient temperature 
inge which has been corrected to operating densities, on indicator accuracy and provides close correspondenc: 
the instrument agrees with the drum when the boiler of indicator readings with high drum levels at all pres 


" 


yperating pressure Referring to Fig. 4, note that sures but combines the effect of change in steam and 


pressures the departure of water and steam water densities on indicator readings These now appear 
from design conditions will result in pointer is large errors at the low end of the scale when the boiler 

which are in re mounts shown in the is operating at other than design pressures 
In contrast to the steam heated reference column 
relatively low in cost the reference head may be maintained at a mean tem 
ble calibration reference. perature between ambient and saturation. Study of 
ww water levels tl in steam density with Fig. 6 will show that an ideal calibration reference lo 
n pressure it he weight differential between cated in the most desirable portion of the boiler-water 
reference and varial ind makes the instru level operating range can be established by heating the 
nt read low \t high water levels the changes in reference leg to produce an average column water density 
lensity with change in boiler pressure pro which will offset the density .change of the variable 
duce errors of some magnitude at other than operating head leg This results in normal drum-level readings 
pressure wccurate at ~'l pressure The average reference column 


water « 


lo provide a more ible zero reference line, steam temperatu nie btain this mid-seale reference 
heating to maintain the reference column close to steam is approxima : cent of the difference between 
temperature may be empl 1. The water-level indi saturatior “" . temperatures 
cator is then influenced ill pressures, by the differential The amou, i supplied to the reference head 
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7—Indication based on a temperature compensated reference column 


is controlled by the compensator design, Fig. 7, which 
consists of two spaced parallel tubes surrounded by a 
jacket 
ervoir of the overflow type 


the 


stainless-steel and connected to a reterence res 


1 hot condensate 
the 


steam am 


overflowing variable tube heat 

tube 
Phe 

of-scale errors by dividing the effect of the density change 


Half the 


half below 


into relerence 


effect of the mid-scale reference 1s to reduce end 


deviation 
Phe 


instrument poimter position 


resulting from a pressure chang 

1S placed ibove the mid-scale reference 
graph, Fig. 7, illustrates the 
at a number of pressures when calibrated for 
it high, at 


column establishes 


sii) psig 


operating pressure, with drum level normal 
Chis form of 


stable 


ind at low reference 


not only a reference unaffected by operation of 


ORUM ¢ 


NORMAL /ORUM LEVEL 


»— VARIABLE 
LEG 

















SYSTEM MAY BE COMPARED TO A“U" TUBE 


NORM 
STEAM 


COMPENSATOR 
VARIABLE 
LEG 





the boiler but a reference 
which is located in the 
the 


density 


it other than design pressure 


water-ley ind 


to density changes 1s halved, addi 


el operating range 
since error due 


tional compensation 1s olten unnecessary [or 
boilers operating at pressures below 

Example of Temperature-compensated Reference 
Column. An example of a 


reference 


Pow psig 


temperature-compensated 
Indi 
ithe 


matical analysis of levels in compensator has been made 


column installation is shown in Fig. S 

cator has been calibrated for a range of 20 in \ m 
Figures are compiled for five different pressures 
the 
when column differential 1s 13 in 


nee indicator is calibrated to read mid-scal 


whenever 


I ther 
the indicator will read mid-scale at all 


irul 
le vel is norm il 
pressures 

Fig. 9 illustrates 
to confirm the 
tablished by 


column it ill 


the 
stability of 
the 
boiler 
the 
water-level 


experimental equipment used 
the 


temperature-compensated 


mid-scale reference es 


relerence 


pressures. Two high-pressure 


gage glasses of continuous visibility design and a 


remote indicator with its associated tem 


relerence chamber were 
ill but the 


small 


con 


perature-compensated 


nected as shown Heavy insulation covered 


face of the gage glass of one of 
tube through the 
bubbled the of the gage, heating the 
gage water almost to \ level in the 
which corresponded with that in the drum re 
sulted 


Phe equipment was operated ital 


the gages \ 


lower connection allowed steam to be 


into water spact 


Saturation gage 


boil r 


umber of pressures 


with the water level in the steam-heated gage maintained 


Level the 


wert corresponding 


it mid-scal readings on remote water 


ilso mid-scale 


the 


level indicator 
the 


very 


closely with level in ige, confirming the efh 


o 
s 


AN ANALYSIS OF THE EFFECT ON INDICATOR READINGS 


PRESSURE PSIG 
wits Tweet wearer - o_o 
norma, i 
waren (%\ 


eve. Ww THE BON 
M@ANGE THERE 13 4 Cc 
JS SOME STEAM 
MPENSATOR EQUAL 


waTer is THE OF 


$00 000 $00 200c 2300 
+ 
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TOTAL WEIGHT © THe 


reews ‘ 
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* warer 


MPENSATOR 1S OFS 
wSTANT 
i * THE 
St Tween arura 
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T weat Tee waren ms THE 
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OF reRewce » ano 

“* THIS MEAN TEMPERATURE © 


water «@ 


Te vehi Te 4 


Teews * TON waTER @ 
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Fig. 8—Example of a temperature—compensated reference—column in- 
sta'lation in the figure, left, is mathemoctically analyzed for five different 
pressures in tabular form above 
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Fig. 9—Equipment used to confirm results with temperature compensoted 


reference column 


\ second 
ited relerence 


less he it to 


series ol 


tests using a temperature column 


i slight variation radiate 
water in th pensator unit produced 


le vels 


with 


the reference 


close agreement with water in the un 


1 


insulated or conventional ¢ 


Stability of Remote Water-level Indication 


ne of the problen water-level indicatio1 


ntion concerns the 


event of a suddet 
ure If the 


relerence 


liquid 1s ituration temperature 


orresponding to tl not | boiler pressure, it will 


ider these circumstan when the pressurt 
with resulting f the 1 n head and an 


of the ind instrument 


I 


CALIBRATION 
REFERENCE 


A- POINTER MOVEMENT WITH STEAM 
HEATED COLUMN 
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reading which is higher than actual water level in the 


drum and could result in a serious misinterpretation 
lo avoid such errors in the event of a sudden appreciabk 
pressure drop, it is important that (1) the average tem 
head be 
hundred degrees below saturation and that 


heat in the metal of the 


perature of the water in the reference several 


there be 
minimum stored condensing 
hamber 

If it is assumed that a 40 per cent drop in boiler pres 
iluation of the 


instantly, some ey 


water-level indication under 


sure were to occur 
ontinuing accuracy of the 
such emergency conditions can be drawn from the anal 
ysis of events. Interestingly enough, this corresponds 
generally with the pressure drop associated with nuclear 
propulsion units under conditions where the boiler is 
suddenly loaded by full throttle opening from a standby 
condition 

that the 


interiace im any 


It is obvious, of course temperature of the 


water at the steam-water reference 


chamber 1s at saturation temperature \ drop in system 
of this 
idjacent drum 
However, if there is a heat 
in the condensing-chamber body and only a small amount 


pressure will promote flashing or evaporation 


water just as it will the water in the 


limited amount of stored 


water flashing will be 


Iwo of the 


ol steam present 
held to a 
previously described meet this requirement 
with 
unbient temperature ol the 
ind the 
which heats the reference leg to an average temperature 


half the difference and 


temperature 
reference columns 


the column 


minimum 


reference water temperature determined by the 


area in which it is installed 
column 


temperature-compensating relerence 


only about between ambient 
ituration 
It is 


column 1s not 


that the steam-heated 


installations 


immediately 
suitable for use in 


ipparent 
where 
drops might be encountered. The 
water temperature in the reference column is maintained 


close to with the stored 


udden pressure 


saturation temperatures and 


REFERENCI 
= OSITION 


B- MECHANISM REQUIRED FOR DENSITY CORRECTION 


Fig. 10—Compenseting mechanism used with steam heated reference 
column 





head 
he id 


equipment, the reference 


Loss of the 


heat in the metal of the 
may be readily evaporated 
reduces the differential between the 
to the instrument to a 

which into the 
area of the indicating 


that the boiler may be safely operat d 


relerenct 
columns connected 
water-level-indicating value 


move the instrument pointer safe 


instrument 


may 


scale, erroneously 


Accuracy 


Requirements for accuracy at all pressures and at all 


points on the instrument scale have resulted in further 


improvements to water-level indicating instruments 


inclusion of a pressure-responsive 


these is the 
instrument 


One ol 


element in the mechanism to correct the 


change . Phermal 
Since the 


this 


indicator for boiler-water-density 


elements would be suitable also pressure 


variable is present at the instrument iffords a mor 


practi al basis of correction 


Compensation of a drum-level indicator for variation 


i boiler water can take the form of an ex 


in density of 
ternal attachment applied to a standard indicator system 
A device which is essentially a multiplying mechanism 


driven by a bourdon-tube element may be employed 


to introduce a correction factor to the instrument pointer 
travel 


Phis produces additional pointer is compared 


pointer in response 


this 
follows 


with the movement of a standard 
to the same differential head The 


factor depends upon the pressure 


magnitude of 


and closely 


the pressure-density curve 


\s previously mentioned, the ‘“‘ambient ind steam 


temperature columns zero the instrument to a reference 
it one end of the 


of the indicator pointer from the correct drum reading 


scale extreme Maximum deviation 


with change 1n ippears at the opposite scale 


rhis is shown in Fig. 10(a 
from the 


pre ssure 
extrem \ pointer which 


normally advances full scale reference position 


reduced boiler water 


rherefore 


to point A), under conditions of 


density will advance only to point & 


ipable itl 


a mechanism is required which is response 


to pressure changes, of advancing the pointer from 
to A to compensate for density loss 

Fig. 10(b) illustrates the 
the compensation requirements 


\ slotted link, free to pivot at one end, is coupled to 


mechanism which meets 


described in Fig. 10(a 


CALIBRAT 1ON 
REFERE NCE 


\ 


4 


POINTER MOVEMENT WITH TEMPERATURE COMPENSATED 
REFERENCE COLUMN 


level-response mechanism at the other. One end of a 


link is connected to the pointer and 
pivot which slotted link. The other 
connects to a pressure-responsive element which alters 


second carries a 


engages the end 
the relative position of the pivot in the slot with change 
in pressure \ pointer correction factor to compensate 
for reduced density with increase in pressure is provided 
shift of the pressure element 
rhe resulting increase in 
the added pointer travel required to compensate properly 


by a position by 


moment-arm length provides 


pivot 


for density loss The mechanism used in an instrument 


coupled to an ambient column would be of a similar 


design but the reference position would be at the low end 


of the scale 
mechanism 1s required 


different form of 
when the instrument is used in conjunction with the con 


this 


\ somewhat 
trolled temperature column. In Fig. 11(a) use of 
method of temperature compensation zeros the instru 
pointer 
full 
upward 


ment to a reference which establishes a mean 


which is calibrated to move 


cold-water 


position \ pointer 


scale under a given differential 


from the mean pointer position to & and downward from 
conditions 


will, under 


move upward only to 


the mean pointer position to /’ 
of reduced boiler-water density 
F and downward to / Phe 
tion required for an instrument used with the controlled 


mount ol pointer correc 


temperature column is half that required by other refer 
densities are the same \ 


simple mechanism responsive to changes 1n pressure 1s 


ence columns when water 


therefore suitable 
Fig | b 
the compensation 


illustrates the basic device which fulfills 
requirements outlined in Fig. ll(a 

| by the Ie 
mechanism of the instrument, engages a slot in the 
independently mounted With the boiler 
cold, a given change in level will move the pointer to / 
on the scale 
tion, the pointer would move down to / as drum-water 


element 


Che pin of a crank arm, actuate vel response 


pointer arm 
\s boiler pressure rises, without compensa 


However, use of 


decreased i pressure 


density 
connected by linkage to the pointer, to 


to variations in pres 


move the pointer 


center along the x-axis in respons¢ 
sure, will correct for density change Instrument ac 


therefore maintained and the pointer remain 


curacy 1S 
it / 


POINTER 
CENTER 
CRANK PIN REFERENCE 


POSITION 








FIXED MOMENT ARM 


VARIABLE MOMENT ARM 


PRIMARY SHAFT 
AXIS 


B—- MECHANISM REQUIRED FOR DENSITY CORRECTION 


Fig. 11—-Compensating mechanism used with temperature compensated reference column 
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It 1s evident that the instrument is zeroed to a 


reference compensation at the mean pointer 


since 
mid-scale 


position 1s unnecessary he mechanism described 


meets this requirement with pointer lying along 


the horizontal axis, a shift of the pointer rotation centet 


will have no effect on} sition 


illustrates compensator unit (il 


ittached to the 


Fig. 12 
lustrated in Fig which can be 


side of a standard wu met Che primary measuring 


system need not odified and remains 


separate from the comy 


\ desirable aspe« m is that the degree 


of compensation can idjusted to suit certain par 


ticular requirements he motion of the bourdon tube 


pressure change «luce a deflection curve 


slope does not match the required pressure-de 


whose 


flection 


curve needed i lensity compensation 
if desired 
the 


ictuating element An 


Thi may he correcte i] linkage 


however, the device uperimposes curve 


of a leaf spring upon tha 


idjustment screw provid eans of aligning the null 


position of the saturation pressure 


density curve rate superimposed 


on the spring rate of bou n tube provides adjust 


ment for conditior her thar rum level, a 
boilers are presently 


very de 


sirable feature since 


operated with tnstrume1 librated to agree with the 
gage glass Adjustment 
to reduce the moment 


idditior 


compensation _ slide 


compens ition spring 
needed to 


provides the decrease 


the amount of com 


Calibration 


been 


has 


indicate a 


The accuracy truments 


1 


questioned quite rent] ince the 
} ble 
rable to 


iM . | it 1 ‘ 


level 


which cannot provide a 
which simulates boiler 
Hydraulx 


from the 


method of instrumet 
conditions process 


O ' ul nsating system 


Fig. 12—Complete pressure compensator mechanism 


> 
Fig. 13—Facility for checking pressure compensation 
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level mechanism of the instrument permits 


calibration with an ordinary 


response 
manometer and the simul 


of pressure in the compensator 


ipplication 
system to check for 
illustrates such a facility 

he most positive method of determining the accuracy 


taneous 
all operating conditions Fig. 13 


of a temperature-pressure compensated indicator instal 
lation is to compare the indicator readings with actual 
drum levels by determining the conductivity of samples 
withdrawn through sampling tubes built inside the boiler 
drum \ simple, less method which will 
locate 


parison of gage and 


1 level which is even reasonably 


expensive 
drum 1s the com 


this method 


ipproximate water levels in the 


drum densities By 
to obtain accurate re 
determination of the temperature 


Suitable 


quired the careful 
of the 


assemblies are available for insertion into holes tapped 


water in the gage gla thermocouple 


bodys 


through the side of the gage 
is known 


into the 
The temperature at the 
to be essentially saturation 
installed in the lower portion of the gage body are usually 
sufficient. Care should be taken that allowance 1s 
made for all vertical heads, including sloped return lines 


water space 
steam-water intertace 


therefore thermocouples 


to the boiler 
Che initial trial period under Case 1155 has demon 


strated reliability, and greater availability 


for the 


iccuracy, 


instruments which are free from gage- main 


tenance problems. Instruments are capable of bringing 
the water level down to the operator regardless of loca 
instruments 


In modern boiler plants, secondary 


hydraulic 


t10n 
connections are el- 
re adily 


from high-pressure 
located on miniatures 
telemetering the 


ree 
ficiently 
accomplished by 
levels by electrical or pneumatic 


panels his is 
compensated water 
means to remote in 
conventional boiler-water-level 
gage glass does not permit this. Water-level indicators 


for the 


strument panels A 


therefore not only substitut« function of the con 


ventional water-level gage but extend this function to 


significantly improve and extend this function to meet 


the larger requirements of modern boiler application 
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Abstracts from the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustion, 
Ltd., London, W. C. 1) 


Fuels: Sources, Properties and 
Preparation 


Coal: A Colloid and 
The Eighth Coal 
Sir Eric Rideal B.C.U.R.A. Quart 
Gaz. 1959. Ne +t 

l he ‘ 


vestigator ol 


idence produced b 
the colloid 


coal 


material 


Pyrolysis of Coal and Shale 
Gomez and C. H. Priet | 
Chem. 1960, 52 (Aus 

The innual re 1c WwW 


published in 19059 


Laboratory Investigations into the 
Behavior of Salt Coal Ash in Steam 
Generators. Pt. II. K. Wickert 
Energie 1960, 12 (Aug 28 
(serman 

| he | 


Experiment 


The Production of Improved Metal 

lurgical Coke. The Use of Fluidized 

Bed Char as a Blend Component 
: W. R. He 


or « 
bulk 
terial 


The Suitability of Home-produced and 
Foreign Fuels for the Operation of 
Slagging Furnaces. Pt. III: Brown 
Coals. T. Geissl 
12 (Aug 36-48 

The third part 


coals with 


discussi! 
Economic 


| 


Range of proximate anal 


50 


a Chemical. 
Science Lecture. 


ind foreigt 


influen 


position of the 
found in irious countrie 


f +} 


ing and melting character ol ‘ 
6) Establishment of character 
alogous to those 
bituminous coals for the rapid a 


itability of a brow: 


coe fhicient il 


ment of th 


lurnact 


Gasification of Brown Coal with Hy- 
drogen in a Continuous Fluidized-bed 
Reactor. T. J]. Birch, K. R. Hall and 
kK / 


“COMPACT” 
|ANNNUCIATORS| 


STANDARD AND ) 
II) custom vesions Ill 








S&eaeca 


eae oe ee 


PUEEECL ALAR eee eee 


Whether vour system needs a stand 


ird or custom design-—every ‘COM 


PACT annunciator has plug-in relays 


with auxihary contacts for inter 


locks Cabinets are designed for 
either panel or surface mounting 
Standard options include 

¢ Hermetically sealed relays 

¢ Built-in lamp tester 


t 
¢ Weather proof enclosure 








for details 


COMPACT CONTROLS CO. in 


18 ROOSEVELT AVE... SYOSSET, NEW YORK 








ydrogen in reactor with bed of 3-in 
depth are 
The variables were temperature 


reported 
total 


pressure 


diam and 3-ft 


ure, hydrogen partial 
feed rate and gas composition 
[wo well det 


set out in detail \ prac 


ned stages were observed 
which are 
ical proce for producing a gas of 
| 


high methane content ts described 


Mechanical Handling 


Pressure Drop in Pneumatic Trans- 
port. W.Konrath. Férdern und He 
ber 960, 10 (Aug ()' in Ger 


tigations 
graphs tor 
sure drop in 


ne lines ind 


Investigations of the Transport 
Process in Vertical Screw Conveyors. 
\. Vierling and G. L. Sinha 

Heben 1960, 10 (Aug 
German 
\ theoretical and 
of the transport of a single 
of bulk material has 
the theoretical and ex 


ilts how good 


experimental 


been 


quatior 
equatul 


Heat: Cycles and Transmission 


The Theory of Radiant Heat Ex- 
change in Unidimensional Systems. 
N Adrianov Teploenergetsi 


June), 6 Russia 


Heat Transfer in Flowing Media in a 
Horizontal Tube with Natural Con- 
vection B. Metai j i 


transition 
turbulent 
d \ 
ntal 
of me: 
coefhcents 
cooling in ; rrizontal 


have shown 


double 


igreement 
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Thermal Insulation. Some Basic Development of Water Treatment determination of humic acids have 
Considerations. y 6 Dawsot Plant with Cation and Chemical De- been drawn up and recommendations 
Chem. Proc. Eng? “i0, 41 t mineralizing Combined with the made which anion exchanger material 
7 Use of Magnesia for Silica Removal. to use for different humic acid con 
; I. M. Sokolov Teploenergetika 1959 tents of the raw water 
Thermal Conduction and Its Special lulv). 59-65. D.SI_R Transl RTS 
Application to Thermal Insulation. ‘RV 
H K Suttle n . Russian projects for feed water 
160, 41 (Sept ' : treatment plants are described and Report on the Use of Dolomite as a 
their economics discussed Fuel Additive at the Emilia Power 
: , ; Station. F. Cremonesi, G. Maran 
Solid Fuel Firing Continuous Quality Control of Boiler zana and P. Sturla Termotecnica 
. ; Feed Water and Condensate. [F. K soe 
4 (June 75-80 (in Italian) 


1on0 
Pulv > ‘og Evzerova Te ploeneregetika 1959 
Measurement of Pulverized Coal Tul = 9 ba 1R 7 1 | rs Information is given on the deposits 
‘ Hibel Witt uly), 65— ‘ ransi. i 
Flow in Pipe Lines. , and corrosion arising in the 500 kib/h 


21) 


Gas-Side Corrosion and Deposits 


t» }4 Ay > 517 s o- . 
. —_ , It oaee ' 1500 psig 970 F boiler of the Emilia 
n (Germar Sa concentrator roviding a 
. ote I power station, Italy The boiler is 
The difficult inifor ribu concentration factor of 18-20 with a , 
, ‘ equipped for oil-, p.f.- or natural-gas 
basic rate of flow of 25 kg/h for the ' 
firing and the results quoted relate 
control of condensate superheated ; 
to the use of Bunker q oil The 
and saturated steam is described 
use of other additives is touched upon 


Technology of Therma! Deaeration. From C.E.G.B. Digest 1960, 12 
whee 


H. Laban Mitt V.G.B. No. 67 Aug 3), 2155 


1960 (Aug 61-5 (in German P ; . 
, Operating Experience with Dust- 


' collectors at Reduced Gas Temper- 
described and their merits discussed 

atures. M. S. Samokhin and I. I 
Studies on Humic Acids in Ion-Ex- larnavskii Teploenergetika 
change Plants. H. Kurapkat Mitt June), 45-7 (in Russian) 
V.G.B. No. 67 1960 (Aug.), 242-7 (in Results obtained from testing dust 
collector comprising a cyclone collec 


[he various types of deaerators are 


‘ 


uo) 


German) 
Premature exhaustion of a weakly tor and an electrostatic precipitator 
basic anion exchanger led to a study in series at reduced gas temperatures 

, of its « ses anc > ro lay \ ven {eco } f ) ‘ 
Liquid and Gaseous Fuel Firing f ji auses and the role played b ire given Recommendations are 
humic acids contained in the raw made for ensuring high-efficiency per 


formance C.E.G.B. abstract 


‘ 
wT 


Oil Pressure Burners for Steam Gen- water Jew pecifications for the 
erators. Pt. II. G. We Vi 


B. No 





Here’s Why Thermal-Aire Fans 


Soman | NEWER GET HOT 
coma” "| UNDER THE COLLAR! 


Rotary-Cup Oil Burners 
Cheetham Pwr WV ee PL : 
.- You're looking at an 4G —~ 
INTERNAL 


55 (Se pt ) ’ . 

: : Air-Cooled Shaft used in 

wortl rota! CHAMBER 
Thermal-Aire Fans. Featuring 
exclusive chamber-and- 
slot design, it keeps bearings 
cool .. . protects them 
against excessive heat, over- 
expansion and burn-out. It 
W ater-Side Corrosion and Water requires no water, slingers 
Treatment or other circulatory systems to do 
the cooling job... just its own rotation. 
Design Features of Large-scale . J 
. That's why Thermal-Aire Fans never 

Water-treatment Plants for Power 
ee : get hot under the bearing collar—and 
Stations with High Condensate Loss. 

. «K : one of many reasons why reliable, 

‘ ruin 1tSkil j f 

a dependable Thermal-Aire Fans get 

specified for so many of industry's 
critical, high-temperature 
air-moving jobs. 


Garden City Fan & Blower Co., 829 N Eighth St.,Niles, Mic h. 


@ Write today for Builetin 960 
. THERMAL-AIRE FANS 
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Power Generation and Power Plant 


Mobile Thermal Power Stations. 
Kretzschmar B.W_K 
Mb 4 in (,erman 
wer tatior up t 
re used at large buildings 
emergenci ind during 
¢ or repair work in power 
may consist ol a 
hogenerator plant, ¢ 
| plant installed on 
d railway cars or lorrie 
German, Czech, Spanisl 
\merican examplk 


i. ire de cribed 


Hyperbolic Cooling Tower. 
| rd Power 1960, 104 

\mericat itural 
coolne tower 
lam at bottom 


it Big Sand 


New Desuperheater Controls Steam 
Temperature to Fuel Oil Heater. 
J Fenei P 
\ug 82 
At the | 


ducing 
perature 
desuper he containing 


loaded ball and coolit 


Plant Design Considerations Utilizing 
Largest U. S. Raw-Lignite-Fired 
Boiler. I Mullet Combustio» 
WO, 32 (Aug 19-53 
\t the Hoot Lake station 
| installed 


kib/h at 
} 


| 1 


reheater Che 


system is of the pneumati 


The Invisible Stack. Anon 


52 


ices 


in boiler feed water 
yet 
adds no solids 


and that may be a good reason to 
select DEOXY-SOL for treatment of 
vour boiler 


water. But it provides 


other advantages also 

DEOXY-SOL is a high efficiency oxygen 

scavenger, since it is a solution of 

hydrazine. And it raises the pH, sup- 

plementing any amine treatment. 
Stocks in Newark, N. J., 

lil., Los Angeles, Calif. 


Write for informative Bulletin BW. 


Chicago, 


The Biggest Pressure Vessel Test So 
Far. (nor 160, 190 


vec 
el has been | 
r pS! and 
way the spherical 
Bradwell power st 


with equall 


Materials and Manufacturing Processes 


High Temperature Materials. R 
Ramsden VM roj 
Edit.) 1960, 32 (Sept 

\ general review 

id cermets and tl 


abilit ady 


Graphite. 
H itt T 


Graphite for Heat Exchangers. 


lilliard hem. | ing 


Effect of Elevated-Temperature Ex- 
posure on Heavy-Section Pressure- 
Vessel Steels. 1. W. Pense, J. | 

Gro ind R I Stout iH 


10, 25 (June 


ious Pre 


onventior 
sectior 
sections 
relieve l 
Dee} ©) 
t of extends 
peratures 
s of heavy 
Is in applica 
nuclear at 
present 11! 
ffect of ex] 
500 and 
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Contribution to the Thermal Shock 
Behavior of Steels and High-Temper- 


ature Resistant Materials. 
} rr ; R0 


Sigma Phase in Austenitic Stainless 


Steel. R. F. Hill I 
» Py, } vr Gg 41 


A Look at Caustic Stress Corrosion 


¢ Wheeler 


104 


Steam Pipe Sizing. 
, 29 


Treating Cast Iron Melts by Ultra- 


sonics \. Ke 
47 


Hydrogen in Welding. 


ao 
” 7 
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Research 
Responsibility 
Results 


WHEREVER GASES ARE 
CLEANED OR HANDLED... 


Aerotec Industries offers more than a half 
century of world wide experience in enginecring 
and manufacturing equipment for efficient and 
economical cleaning and handling of air and gas. 
Single responsibility for complete systems, from 
design to final installation, assures management that 
overall performance guarantees will be met. 


Write for infofmation on the products of interest 


ae FIOTEC INDOUSTHHIES 
INCORPORATED 
EXECUTIVE OFFICES . GREENWICH, CONN. 
Plants at Bantam, Greenwich and So. Norwalk, Conn. 

Canadian Affiliate: T. C. CHOWN LIMITED, Montreal and Toronto 
Divisions: INDUSTRIAL © Electricol and Mechanical Dust Collectors « Wet Collectors « 
iow * Fan-Stacks « Blowers « Ges Scrubbers « Air Preheoters ¢ Curtain 

liompers 


AIRCRAFT EQUIPMENT Advanced electro-mechanical equipment 
circroft, missile ond qullnas taduetr industries. i 


ASSO + Aiwett tenn, weenen <A i 
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FURNACE 
BLOK’ 
“TN” 


AT LARGE EASTERN UTILITY 
OIL-FIRED BOILERS 


Fifteen months ago, a large eastern utility replaced fire- 
brick with FURNACE BLOK in the burner and target 
walls of oil-fired boilers. As a result of drastically 
lower erection costs and excellent service life, utility 
will now standardize on FURNACE BLOK in these walls. 


Target woli, 20 ft. high x 26 ff. 
wide, of oil-fired boiler. FURNACE 
BLOK washcoated with Super 
#3000 Refractory Mortar. After 
nine months’ service, washcoat 
brushmoarks still visible. 


Burner wall, 8 ft. high x 26 ft 
wide, of oil-fired boiler show- 
ing perfect condition after nine 
months’ service. 


FURNACE BLOK is a specially 
shaped, patented, hollow refrac- 
tory unit. When BLOK units are 
placed and filled, they produce 
@ true monolithic structure. NO 


FORMS REQUIRED 
FURNACE BLOK INFORMATION KIT 


Contains Technical information, in- 
stallation photos, cost comparisons 
and prices. Write today. 

*U.5. Potent No. 183597 


_ REFRACTORY & INSULATION CORP. — 


124 WALL STREET «+ NEW YORK 5, N.Y. 


Soles Offices: Chicago, Ill; Cleveland, Ohio; Bryn Mowr, Po.; 
Newark, N. J.; Buffalo, N. Y. 


Costable ond Bending Refroctories; FURNACE BLOK; 


Moanvufact f 
vfocturers o len, Block, Plastic ond Fill insulotions 


characteristics of h drogen embrittle 

ment 3) Tentative explanation of 

the mechanism of this phenomenon 
Consequences 


welding 


Aluminum Welding and Manipula- 
tion--Swedish Methods. UU. Alfred 
on f 
105-—S 

The tabrication 

pipes and h xchar s tor 
nuclear reactors ad rib Both 
tungsten and metal arc inert-gas 
shielded welding are used, the former 


latter tor the ul 


for the root and the 


sequent passes 


Argon Arc Welding (WIG Method) at 

Low Cost. (non Schweissteci 

960, 10 (Sept 5S n (serman 
\ new nozzle has been desig 

which can carry up t 

out water cooling 

plification has been ob 

ing the control ins 

this, good result 


welding illo 


Fundamental Studies 
Welding. N.E. Wear 
h and R. I Monr 
160, 39 331s-41 
bending 
iriable 


Instruments and Controls 


Limits of Control Possibilities of 
Large Boilers. FP. Profos 7 
B. No. 67 ‘ 


(,erm 


ontinuot 
ot contr 
widening 
mui 
opments 


ittemy 


tsn 
between these 
economics determit 
the extent t | 


ie apple d 


Automation in Thermal Power Sta- 
tions. I P. Stefani Teploener 
getika 1960 (June 7 fin Russian 
Results of automatior thermal 
power stations are briefly 1 rted 
The need to calculat > dynam 
characteristics of generating units in 
the process of their design is discussed 
and the application of controlling 
computers in thermal PS engineering 
is examined E.G.B. Abstract 
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Automation for Large Thermal Power 
Stations. D. | t 


ener 


The Analytic Supervision of the 
Water-Steam Circuit in High-Pres- 
sure Power Stations by Automatic 
Instruments. H I t Mitt 
GB No. 63 
in (,erman 
Instruments for 
i the borler 
phate, conducti 
ither olids 
ness, salt, ox 


control stations are 


Progress in Process Instrumentation. 
\ Ind. Chem. 196) pt 


meter 


New Electronic Automatic Regulators. 


D. Mirono" Te ner w0 


Nuclear Energy 


The Economic Prospects of Nuclear 
Power in New States. ke 


” yt) se ryt 


nomicall 
The Relative Advantages of Advanced 
Gas Cooled Reactors and Magnox 
Types. |! } (. Pwr 


if) 


THMCAl I 


Research Reactor Fault Analysis 


\ 


\ Loore 


h reactors is descril 
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Install a fast-acting, positive fuel 


cut-out control at low cost 


Reliance Levalarm EAISR 
adds this function to low 
and medium pressure water 
columns by simple hook-up 











o * . 
fut. CuToyT 


FUEL RELAY eee 
s ” ; - 





&- 


+ 


ELECTROOES 











Two electrodes extend into boiler water in the Levalarm chamber. Water 
surrounding them completes a closed circuit carrying special current 
supply from a transformer. When water level drops below the electrodes, 
the relay circuit to the solenoid-operated fuel valve is broken. Action is 
immediate. An auxiliary alarm can be actuated at the same time. This 
Levalarm may be installed on any water column having gage centers not 
less than 1214"; maximum 450 psi. Very easy to install ... Another model 
is designed for pressures to 900 psi. 
Up to FIVE functions possible with other Levalarms 

Broad protection for your boiler’s safety can be realized through multiple- 
electrode Levalarm models that install in the water column cap. Model 
EA18 has enough electrodes to provide fuel cut-out, low and high water 
alarms, and start and stop feed pump. To comply with insurance com- 
pany rulings requiring dual fuel cut-out facilities, an extra electrode can 
be added to the Levalarm. Thus no additional piping needed. 


It will pay you to get details on Reliance Levalarms. Write for Bulletin 


D2 or contact nearest Reliance Representative. 


The Reliance Gauge Column Company 
5902 Carnegie Avenue . Cleveland 3, Ohio 
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Reliance orewces 


EAIs 




















Coen “variable orifice” metering control .. . 


Advertisers’ Index 


Aerotec Industries, Inc 53 
Air Preheater Corporation, The 10 
Anaconda American’ Brass 


Bailey Meter Company 

Bayer Company, The 

Bell & Zoller Coal Company.. 
Bird-Archer Company 

Buell Engineering Company, 


Cambridge Instrument 

Coen Model 56-B ’ 
Fyr-Compak oil ~~ ' Clarage Fan Compony...... 58 
and gas packaged ~~ . Coen Company 56 
burner with “VO” Combustion Engineering, 

Second Cover, 4 and 5 


full metering 
Controls Company, 


combustion control 


. new optio fe ‘e with Fyr-Compak” ; 
new optional feature with Fyr-Compak ay an ee 


De Laval Steam Turbine Com- 
For those who want the advantages of metering without sacrifice of 


firing range, Coen now offers “VO" wide-range metering control Diamond Power Specialty 
When used with the Coen Fyr-Compak packaged burner, an 8 to | Corporation 

practicable firing range is guaranteed with oil, 10 to 1 with gas. In Dow Industrial Service, Div. of 
this advanced design you get The Dow Chemical Com- 


True full metering, electric or pneumatic-electric 


Instant, accurate metering of both fuel and air in a single system 


ta 


Air flow controller sensitivity to .003” w.c 


Both fuel metering and precise matching of fuel to air flow provided 
by Coen “AC” valves 


Compactness through component packaging concept 


Lowest initial cost of any nearly comparable system Fairmount Chemical Company 52 
Foxbor mpany, The. .28 and 29 
Lowest installed cost due to packaging with burner oxboro Company, 
Fyr-Compak is a completely self-contained combustion unit specif- 
ically engineered for package boiler firing. With “VO” metering, its Garden City Fan & Blower Co. 51 
performance ts maintained at an unequalled efficiency level through General Controls Company... , 
years of trouble-free service. Be sure to consider Fyr-Compak for 
your application... it’s the finest packaged burner any boiler can have 


For complete information on Coen “VO” metering control, Hagon Chemicals & Controls, 


please write for our new Bulletin #VO-60. 


Combustion Engineers 
and Manufacturers c¢ oO = N ec oO M PA N y 


40 Boardman Place + San Francisco 3 


Illinois Water Treatment Co... 


(Continued on page 57) 


BURNER FYR TOR ® FLAME SAFEG 
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Representatives in principal cities throughout the world 





March 1961 / COMBUSTION 








M. W. Kellogg Company, The 
Koppers Co 


Leeds & Northrup Company. . 


Manning, Maxwell & Moore 


Nalco Chemical Company... . 


Pennsylvania Crusher 

Bath Iron Works Corp 
Pfaudler Permutit Inc........ 
PE Peiekcet scale xed 


Refractory & Insulation Cor- 
poration 
Reliance Gauge Column Com 


Republic Flow Meters Com 


Republic Steel Corporation. 
Research Cottrell, Inc........ 
Rohm & Haas Company..... 


Stock Equipment Company. 
Sumco Engineering, Inc. .. 
Third Cover 


Valley Camp Coal Company 


John Wood Company 
Worthington Corp........... 


Yarnall-Waring Company. .. 
Fourth Cover 
Yuba Consolidated Industries, 








COMBUSTION / March 1961 


New Ideas On Dust And Fume Control 

















Simplified vessel and tube su 
port construction speed assembly 


New Products: 


John Wood High Efficiency Fabric Filter 


John Wood Fabric Filters are engineered for 99.9% efficiency in 
addition to trouble-free operation. They are the result of a program 
to design equipment for fully effective removal of all dry ducts at 
elevated operating temperatures 


An extremely varied group of filter sizes, shapes and types is avail- 
able in capacities from 100 CFM to 48,000 CFM. Larger volumes 
are handled through a combination of units. John Wood automatic 
reverse flow mechanisms or shaker assemblies assure proper and 
gentle cleaning of fabric. Tubular or envelope bags are made of 
cotton, orlon, dacron, nylon or glass to meet any requirement. 


New Engineering: John Wood Fabric Filters are but part of the com- 
plete line. Other equipment includes Interphase Reaction Scrubbers, 
Multi Cyclones, Involute Cyclones, Venturi Scrubbers and combina- 
tion units. New designs are now under development. 


New Service: John Wood Air Pollution Control is fully programmed 
from analysis of existing conditions to equipment installation. Fre- 
quently economies result that make the installation self-liquidating 
through lower maintenance and replacement costs. 


Write for engineering assistance or specific product information. An 
air pollution preliminary analysis kit is available without obligation. 


AIR POLLUTION CONTROL DIVISION 


JOHN WOOD COMPANY 


10 NICOLET AVENUE FLORHAM PARK, N. J. TUcker 7-3200 











RIGHT 


WHERE 


THEY 


BELONG... ring plates 
~ on the FACE 


Sections of 
housing ond f h bl le 
ye oj the blades 
removed 
Here's another feature you get only from 
Clarage. The Type DN Dynacurve induced 
draft fan, when equipped with wearing 
plates, has these abrasion-resisting steel 
plates welded to the face of the wheel blades. 


Result: extra service life 


Don't settle for less. Choose the Clarage 
Dynacurve fan with its rugged wheel of 3¢ 
radially deep blades .. . minimum floor 
space and height requirements . . . bolted 
scroll liners for easy replacement .. . and 
numerous other distinctive features 


Contact our nearest office for complete data. 


Dependable equipment for making air your servant 


CLARAGE FAN COMPAN Y 


Kalamazoo, Michigan 


SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Canada Fans, Ltd., 4285 Richelieu St., Montreal 
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a new concept in 
chemical cleaning 







k 





e Electric and Gas Company §J 


Diagram courtesy of Foster Wheeler Corporation 





Why Public Service Electric and Gas Company 
Chose Sumco Engineering, Inc. 


Bergen Generating Station, one of the newest in the systern of Public Service Electric and 
Gas Company, recently was completed at a cost of $110,000,000. This modern plant has 
two Foster Wheeler twin furnace steam generators each designed to supply 1,900,000 pounds 
per hour at 2350 psig throttle pressure, 1100°F. superheat, and 1050°F. reheat to a 290 
megawatt cross-compound, quadruple flow Westinghouse turbine generator. 

The advanced design of this plant required the highest degree of cleanliness in order to 
eliminate fouling problems generally encountered in the startup of a new unit. Working 
with Public Service personnel, trained Sumco engineers spent weeks setting up pro- 
cedures, flow diagrams, schedules and completing laboratory work. This intensive pre- 
liminary planning resulted in a smooth and efficient cleaning operation which eliminated 
the problems due to fouling in initial startups. 


The use of modern Sumco Hi-Flo equipment, imaginative engineering and cooperation 
between Sumco and Public Service resulted in a new standard of cleanliness. The result 
at Bergen station is a typical example of what can be achieved using Sumco’s advanced 
chernical cleaning techniques. 


Engineering, Imo. croc. vew sensey 


@ Four of many Yarway Welbonds installed in Four Yarway Welbonds on main steam line {9 ® Six of 900 Yarway Welbonds at southwest 
large eastern public utility plant. Steam pres- turbine at southern power plant. Press. 2310 utility. Boiler drum pressure in this plant— 
sure 1850 psi; temperature 1000°F psi; temp. 1000°F. Over 100 Welbonds here 2150 psi; superheat temperature 1005°F. 
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AL VE TEM OF 

NLESS STEE 
—will not ‘pit’. Self-aligning. 
stellite-faced disc 


KIN 
—furnishes double insurance 
against packing leaks 


4IQUE SEAT DESIGN 

Thermal compensating groove 

prevents distortion during 

assembly welding and 

when welding vaive into line 

permits perfect seating of disc oe , 

for positive seal ’ ACCESSIBILITY 

integral seat is stellite-faced —all working parts readily removed 
\ P , through top of yoke. Jack action 
: f of stem forces out old packing. 


ONE-PIECE FORGED 
CHROME-MOLY STEEL 
BODY AND YOKE 


—————= FASY FLOW BODY 
—smooth inner contours 
cut down turbulence and 
reduce pressure drop 


WHY VYARWAY WELBONDS ARE SPECIFIED 
FOR HIGH PRESSURE VALVE JOBS 


WELBOND valves—because they are designed specifically to provide better, 
longer maintenance-free service in high pressure/high temperature power 


plants—have won resounding acceptance from boiler room operators every- 
where. WELBOND performance speaks for itself 
© 


Look at the advantages above! Try WELBONDs in your plant—for high 
pressure boilers, in all general services requiring small valves ('4" through 


2%"). Write for free Yarway Bulletin B-454 s MARK OF QUALITY 
, I AM Ci t/t i 


YARNALL-WARING COMPANY, 100 Mermaid Ave., Philadelphia 18, Pa IN STEAM ENGINEE 
BRANCH OFFICES IN PRINCIPAL CITIES 




















